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World’s Largest Double Swing-Span Bridge. 
The George P. Coleman Memorial Bridge spans 
the deep swift York River between historic York- 
town and Gloucester Point, Va. Two 500-foot 
swing spans, each weighing 1,300 tons, pivot hori- 
zontally on piers 44 feet in diameter, swinging 
open simultaneously to provide a 450-foot free- 
way that can accommodate the passage of even 
the largest vessel. This 3,750-foot-long bridge was 
fabricated and erected by U. S. Steel. 


OPPORTUNITIES 
witH U.S. STEEL 


If you’re thinking about what you're 
going to do after graduation .... if 
you’re interested in a challenging, 
rewarding position with a progres- 
sive company . . then it will pay you 
to look into the opportunities with 
United States Steel. Your placement 
director can give you more details, 
or we'll be glad to send you the in- 
formative booklet, ‘Paths of Oppor- 
tunity.”” United States Steel Corpo- 
ration, 525 William Penn Place, 
Pittsburgh 30, Pa. 


Landing at Sea. When a fighter pilot lands Ready to Roll. Trains move faster to- 
his plane on a flattop, one of his biggest prob- day, they carry heavier loads, they cover 
lems is stopping the plane. To help him, ahook __ longer distances. This puts a premium 
attached near the plane’s tail engages one of | on durability and safety in the wheels 
the galvanized wire cables, mounted on spring __ they roll on. U. S. Steel has been mak- 
brackets, that stretch across the deck. The re- ing wrought steel wheels for 47 years, 
siliency of the cable, plus the bracket action, has helped to bring the art of wheel- 
helps the plane to stop promptly and safely. making to its present high level. 


UNITED STATES STEEL nemesis wey 


For further information on any product mentioned in this advertisement, write United States Steel, 525 William Penn Place, Pittsburgh 30, Pa. 
AMERICAN BRIDGE - AMERICAN STEEL & WIRE and CYCLONE FENCE - COLUMBIA-GENEVA STEEL + CONSOLIDATED WESTERN STEEL - GERRARD STEEL STRAPPING - NATIONAL TUBE 
OL WELL SUPPLY - TENNESSEE COAL & IRON - UNITED STATES STEEL PRODUCTS + UNITED STATES STEEL SUPPLY ~ Divisions of UNITED STATES STEEL CORPORATION, PITTSBURGH 

UNITED STATES STEEL HOMES, INC. - UNION SUPPLY COMPANY + UNITED STATES STEEL EXPORT COMPANY - UNIVERSAL ATLAS CEMENT COMPANY 4-09 





A MESSAGE TO 
COLLEGE ENGINEERING 
STUDENTS 
from J. M. Wallace, Manager, Meter Div., 


Westinghouse Electric Corporation 
University of Pittsburgh, 1935 


To the man who wants more than a job 


You and I know that getting a job is not a problem 
these days. Industry needs thousands of young engineers. 


But the man who wants more than a job might well 
pause and consider just how he is going to find his special 
opportunity. It cannot be found everywhere’ 


The man I’m talking about wants interesting work 
with a future, yes—but also something more. He is 
determined to help make the world a better place in 


you can BE SURE...1¢ irs 


Westinghouse 
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which to live—and wants a job that will enable him to 
do this. He is co-operative in his work, but demands the 
dignity of being treated as an individual. This man had 
high purpose when he elected a career as an engineer. 

I know this man. He’s many men at Westinghouse. 
He’s an engineer’s engineer. 

You, who want more than a job, are this man, too. 
You will be among your own at Westinghouse. —_G-10273 


For information on career opportunities 
with Westinghouse, consult Placement 
Officer or your University, or send for 
our 44-page book, Finding Your Place 
in Industry. 

Write: Mr. R. E. Davis, Regional Educa- 
tional Co-ordinator, Westinghouse Elec- 
tric Corporation, 10 High Street, 
Boston 10, Massachusetts. 
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The special character of the application of 
an electronic digital computer 
for airborne automatic controls is reflected 
principally in the input-output units. 


The physical quantities defining the 
state of the system—such as altitude, 
rate of climb, heading, and other 
vital information—are measured by 
instruments whose outputs are usu- 
ally in the form of mechanical dis- 
placements or voltages. These analog 
quantities are converted into digital 
numbers that are processed by the 
computer; it performs in “real” 
time the computations correspond- 
ing to the mathematical representa- 
tion of the control problem. The 
results of these calculations arenum- 
bers representing the signals used to 
control the system. These output 
numbers are converted into the 
analog-type signals used in the con- 
trol operations. 

At Hughes Research and Devel- 
opment Laboratories, where the 
subminiature airborne digital com- 
puter was pioneered, analog-digital 
input-output systems have been 
developed for several applications. 

For example, in the conversion 
of direct-current voltages to binary 
numbers, the many input voltages 


ENGINEERS AND PHYSICISTS 


Address: 
SCIENTIFIC 
AND 
ENGINEERING 
STAFF 


are digitalized in sequence by a 
comparison with a precisely linear 
saw-tooth waveform, gated once 
per revolution of the drum to suc- 
cessive inputs. Time intervals are 
produced which are used to control 
a gated binary counter. Resulting 
binary numbers are stored in the 
memory for subsequent use by the 
computer. Output binary numbers 
each control the symmetry of a 
square wave recorded on a drum 
channel during the output sampling 
periods. Reading heads continu- 
ously present the waveforms to the 
respective output channels where 
they are standardized by regulated- 
current switch tubes and are filtered 
to establish the direct-current com- 
ponents. Several such waveforms 
may be time-shared on a single 
drum channel by encoding. 

A major effort at Hughes is also 
devoted to adapting electronic digi- 
tal computer techniques to business 
data processing and related applica- 
tions—uses destined for far-reach- 
ing peacetime application. 


Af Le LE oe oS 


ML 


amRRu eee eee ee Be ee 


Activities at Hughes in the computer 
field are creating positions in the 
Laboratories. Experience in the design 
and application of electronic digital 
computers is desirable, but not essential. 
Engineers and physicists with back- 
grounds of component development or 
system engineering are invited to apply. 


HUGHES 


RESEARCH 
AND DEVELOPMENT 
LABORATORIES 


Culver City, Los Angeles County 
California 


Input-output units (above) of the Hughes air- 
borne electronic digital computer. (Left) Opera- 
tion of the pilot’s direction indicator is discussed 
by W. S.. Shockency (left), Radar Laboratory, and 
M. L. MacKnight of the Advanced Electronics 
Laboratory. 
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NEW DOW 


Technical 
Library 


ENABLES EMPLOYEES 
TO FURTHER STUDIES 


These modern facilities provide an extremely wide range of scientific material 


including current information on all fields of research 


The desire to provide complete technical knowledge for 
Dow personnel, together with intelligent planning, has 
produced at Midland, Michigan, one of the most compre- 
hensive of all industrial libraries. This modern, air-con- 
ditioned structure contains over 35,000 books and over 
600 magazines. New books are added regularly, and both 
foreign and domestic abstracts are made available. 

Most of the material is highly technical. The most extensive 
coverage is given to material in the fields of chemistry, 
electrochemistry, biochemistry, agricultural chemistry, 
chemical engineering, physics and nuclear physics. 


In addition to published material, the library also furnishes 
an index of all research work conducted by all divisions 
of The Dow Chemical Company. 


This new library is but one example of Dow’s efforts to 


offer the finest facilities for work and recreation to its 
employees. THE DOW CHEMICAL COMPANY, Midland, Michigan. 


Dow’s Booklet “Opportunities With The Dow Chemical 
Oprortuntucs Company”’, especially written for those about to enter 

the chemical profession, is available free, upon request. 

Write to The Dow Chemical Company, Technical 
=>] Employment, Midland, Michigan. 


you can depend on DOW CHEMICALS 
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diversification: 


another reason why 


Lockheed In 


California offers... 


better careers for engineers 


diversified production 


Huge luxury airliners, cargo transports, 
fighters, bombers, trainers and radar search 
planes are rolling off Lockheed assembly 


lines. Twelve models are in production. 


diversified development project 


The most diversified development program 
in Lockheed’s history is under way—and 

it is still growing. The many types of aircraft 
now in development indicate Lockheed’s 
production in the future will be as varied 


as it is today—and has been in the past. 


This capacity to develop and produce such a wide range of aircraft 


is important to career-conscious engineers. It means Lockheed offers you broader 


scope for your ability. It means there is more opportunity for promotion with 


so many development and production projects constantly in motion. It means your 


future is not chained to any particular type of aircraft— because 


Lockheed is known for leadership in virtually all types of aircraft. Lockheed’s 


versatility in development and production is also one of the 


reasons it has an unequaled record of production stability year after year. 


Lockheed AIRCRAFT CORPORATION 
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BURBANK, CALIFORNIA 


diversified living 


You work better in Lockheed’s atmosphere 
of vigorous, progressive thinking—and you 
live better in Southern California. You enjoy 
life to the full in a climate beyond compare, 
in an area abounding in recreational 


opportunities for you and your family. 





miniature rocket engines 


by Emmanuel P. Papadakis, '56 


(Concluding article of two articles) 


In the previous article certain data were given 
about Jetex rocket engines and CO, cylinders used 
as rocket engines. Also, certain advantages and 
disadvantages of these engines were enumerated, 
and general conclusions were drawn about the 
value of the engines as propulsion units for model 
planes. These data, qualities, and conclusions will 
be summarized here. Then the problems in design- 
ing models for use with these rocket units will be 
discussed in detail with the use of examples. 


1) Jetex engines are a line of miniature solid 
fuel rocket propulsion units manufactured in 
Great Britain and commercially available in the 
Western Hemisphere. They run for more than 12 
seconds at a constant thrust equalling approxi- 
mately twice the weight of the loaded unit at the 
beginning of its motor run. 

2) The primary disadvantage of Jetex is the 
high temperature at which it operates. Because of 
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the high temperature, the units must be mounted 
externally on models in many cases. Also, these 
engines are difficult to fire because of their fuze 
arrangement. 

3) CO, cylinders are small steel containers of 
liquid carbon dioxide. They are manufactured in 
the United States. The thrust of the cylinders is 
a negative exponential function of time with a 
half-life of from fifty to five hundred milliseconds. 
The thrust at the beginning of the motor run can 
vary from zero to ten times the weight of the full 
cylinder. 

4) The main disadvantage of the CO. cylinders 
is their excessive weight remaining to be disposed 
of at the end of the motor run. If the model plane 
is to carry the cylinder, the problems of design 
are magnified. 

5) The author feels that the disadvantages of 
the two types of powerplants are outweighed by 
the opportunities they offer to the semi-serious 
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model plane designer for new 
designs and a lot of fun. The 
units are convenient and versa- 
tile, powerful relative to their 
weight, and relatively cheap. 
Certain pertinent data are given 
in Table I. 

The problems arising in de- 
signing models for Jetex units 
result primarily from the high 
operating temperature of the 
units themselves, and from the 
heat of the exhaust gases. The 
engine must either be mounted 
externally on the model or must 
be supplied with cooling ducts if 
it is mounted in a streamlined 
enclosure. Also, the exhaust 
gases must be kept from searing 
inflammable parts of the aircraft 
either by mounting the Jetex 
unit on a brace or pylon protrud- 
ing from the model or by cover- 
ing the model with asbestos 
paper or its equivalent aft of the 
jet nozzle. 

Jetex motors appear to be good propulsion units 
in the small jet field because of two character- 
istics: their constant thrust, which lasts several 
seconds. Because of these characteristics, the de- 
sign of a model for Jetex is not much different 
from that for conventional power such as half-A 
gas, rubber, or glider. Some of the building mate- 
rials change, e.g. asbestos, but the design is the 
same. If the Jetex unit is to be mounted on a 
pylon, the thrust line is displaced from the center 
line of the model by an appreciable amount. There 
is then a couple produced dependent in magnitude 
upon the drag of the model, the mass of the model, 
the thrust of the motor, and the distances from 
the center of gravity and center of drag to the 
thrust line. The couple is shown in an accompany- 
ing drawing. 

If the model is to fly successfully, it must be 
trimmed for level or climbing flight in both pow- 
ered and non-powered situations. For large, rela- 
tively slow models with good glide characteristics 
the problem is not as great as it is for faster, 


Unit Sparklet CO, 


Type of Unit Liquified gas 
Loaded Weight 30 gm. 
Empty Weight 23 gm. 
Fuel Weight 7 gm. 
Mass/Wt. Ratio ee 
Thrust Time 1-5 sec. 
Exhaust Velocity Variable 
Maximum Thrust 500 gm. plus 
Oper. Temp. —56°C. or lower 
Recommended 

Plane size, 

wing span 8-30” 
Initial Cost, Engine $0.850** 
Cost per Flight $0.085 


**For Spring Gun to puncture the cylinders. 
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CENTER OF 
CENTER O 


COUPLE 


THRUST LINE 


oe la nig 
X ¥ 


C = Ma:X+ Dr-Y 
M = Mass of Plane 
a = acceleration of Plane 


Dr = Aerodynamic Drag 
Force. 


Fig. | 


This figure shows the couple that is set up “ the displacement of 
the motor from the center of gravity and center o 


drag of the airplane. 


smaller models with high accelerations. Since the 
power run of Jetex is about fifteen seconds long, 
the former type of model can be used effectively. 
Also, small models are very often built. An empty 
Jetex unit weighs little enough so that very small 
models are effective. 

There are several flying model kits on sale for 
use with the smallest of the Jetex units. They are 
generally hand-launched gliders with sheet balsa 
wing and tail sections and bodies in the form of 
booms. The author has no data on their perform- 
ance. The initiative of private individuals in build- 
ing Jetex models has led to several good articles 
during the last two or three years along that line 
in the well-known modeling magazines. One model 
of particular interest was a slab-sided semi-scale 
executive transport with twin jets, one mounted 
on a pylon under each wing. This model is more 
complicated than most Jetex ships built in this 
country. 

It seems that the best form of construction for 
Jetex models built to fly for fun is sheet balsa 


TABLE | 


Jetex 50 Jetex Jetmaster 


Solid Fuel 
7/16 Ox. 33/32 Ox. 
7/32 Ox. ¥, Oz. 
7/32 Ox. 9/32 Ox. 
2.0 1.4 
12 sec. 18 sec. 
1200 fpm 1400 fpm 
Vy Ox. 1-34, Oz.* 
Very High 


12-20” 18-36” 
$1.950 $4.95 
$0.065 $.095 


*With Induced Flow Adapter the thrust is raised to 2!/, Ox. 
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@ For many years K&E has pioneered in the manufacture 
and development of finest quality surveying instruments. 
K&E surveying instruments are renowned all over the world 
for their superb performance under conditions of all kinds, 
for their magnificent workmanship and for special features 
that come of progressive ingenuity. 


KEUFFEL & ESSER CO. 


«st. 1867 
NEW YORK * HOBOKEN, N. J. 
Chicago ® St. Louis * Detroit * San Francisco * Los Angeles * Montreal 
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construction with optional sheet 
balsa box or boom construction 
for the fuselage. In some cases a 
glider-type model is very satis- 
factory; experimenters tell of 
the marvelous flights they get 
with the simplest of models. 

It has been found that bullion 
cube cans with nail holes in their 
caps serve well as rocket units 
when loaded with Jetex fuel and 
fired. If the original Jetex unit 
becomes lost or damaged, these 
cheap substitutes are said to be 
satisfactory. A simple method of 
increasing the thrust of a Jetex 
engine is to drill a hole half way 
through the Jetex fuel pellet 
along its axis of symmetry be- 
fore loading the pellet into the 
unit. If the pellet is then loaded 
with the open end of the hole 
near the nozzle, the hole pro- 
vides more area for burning, 
hence increasing the rate of 
burning, and hence increasing 
the thrust. Of course, the time 
of burning is shortened by this 
expedient. 

Often the small jet rocket en- 
gines, both Jetex units and CO, 
cylinders, are attached to gliders 
indiscriminately, the modeler 
hoping that the model will fly 
without giving careful thought 
to its new configuration and the 
new set of forces the change of 
configuration causes. The new 
set of forces usually produces 
dire consequences when the 
model is flown, particularly when 
the engine is a CO, cylinder. CO, 
cylinders present special prob- 
lems principally because of their 
great weight and their peculiar 
thrust-time characteristics. 
Their weight full is thirty grams 
and empty is twenty-three 
grams. The thrust-time curve of 
a CO, cylinder is a negative ex- 
ponential function such that the 
half-life of the thrust may vary 
from fifty to five hundred milli- 
seconds with the initial thrust 
between five hundred and one 
hundred fifty grams_respect- 
ively. The initial thrust and the 
half life are determined by the 
size of hole punched in the cap 
of the cylinder. Values of thrust 
and time outside the specified 
range seem inefficient for propel- 
ling model planes because 1) 
Higher thrusts would decay too 
fast to be effective, since it re- 
quires a finite amount of time to 
release the models from the 
hand after the cylinder is punc- 
tured, and 2) Lower thrusts 
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would not lift the plane and cylinder efficiently. 

An initial thrust of 150 grams would give a small model an 
initial acceleration of over three G’s. Higher initial thrusts could 
boost the acceleration to ten G’s, a high amount for any plane. Of 
course, the acceleration decays with the decay of the thrust. The 
high accelerations and velocities possible with the use of CO, cyl- 
inders, the short length of the motor run, and the weight of the 
cylinders create design problems for the modeler building planes 
for CO, power. 

The primary rule to follow in approaching the problem of de- 
signing a new model is to minimize the couple T= Ma * X + dre Y 
discussed earlier, and to arrange the configuration of the model 
such that the remainder of the couple, if any, works for the good 
of the model either in helping the model climb or in counterbalanc- 
ing the trim built into the model for gliding. If these two rules are 
followed by the modeler, the model probably has a good chance to 
be a success. The first two free flight models the author built were 
designed with this primary rule in mind and were successful under 
powered flight. Later models were successful or not roughly in pro- 
portion to how well the primary rule was followed. Others have had 
the same experience with models of their own design. Once this 
rule of minimizing the couple is adhered to strictly, the fore-and-aft 
position of the cylinder and the shape, size, and position of the 
aerodynamic surfaces can be modified to improve the performance 
of the model. 

An article in Model Airplane News for April, 1950, presented 
a model for CO, freeflight speed having a wing span of only eight 
inches. The wings were reputed to give just enough lift to 
keep the model in level flight until its power run was over, and then 
to let it land swiftly without diving in or stalling. This model 
showed vividly the possibility of using CO, cylinders to power free- 
flight model aircraft. 

The first models and other typical ones built by the author 
are sketched in the figures, and their construction and flight char- 
acteristics are given to indicate the relative worth of the designs. 
All the models except those especially noted were of solid balsa con- 


struction with 14” sheet balsa wings, 1/16” sheet tail surfaces, 
laminated balsa or dowel booms, and cylinder holders in the form 
of a tube made from several layers of brown paper rolled around a 
cylinder for shape and then cemented together. 


Model No. Il 


' JANUARY, 1954 


The design engineer trained in 
welded steel construction is best 
able to meet industry's need for 
low cost manufacture because 


WELDED DESIGNS 
CUT COSTS 50% 


Y using steel instead of cast iron, 
design engineers today make their 
products more efficient . . . many times at 
half the cost. Product designs are strong- 
er, more rigid, take less material to build. 


Too little attention is usually devoted to 
simplification of product designs to elim- 
inate costly manufacturing manhours 
once a basic design is established. Where 
designers reappraise product details for 
welded steel construction, production 
costs are being cut an average of 50% com- 
pared with manufacture using castings. 


Manufacturing operations are simpli- 
fied with welded steel design. Rejections 
due to inferior metal are eliminated. Less 
machining and finishing are required. 
Finished machines are streamlined, more 
modern in appearance. 


In the example below, an economy- 
minded design engineer lowered manu- 
facturing cost on a machine arm and cut 
weight of the arm. 


Before conversion to steel, the machine 
arm required 182 pounds of gray iron 
and cost $38.25 to cast and machine. 
Welded steel design weighs only 86.8 
pounds... costs $20.06. 


Fig. 1. Original 

cast construction 

of operating ma- 
chine lever. Weighs 182 
pounds . .. Costs $38.25. 


Fig. 2. Welded steel 
design is stronger, 
stiffer yet weighs 
only 86.8 pounds... 
Costs $20.06. 


DESIGN DATA for welded construction is avail- 
able to engineering students in the form of bulletins 
and handbooks. Write 


THE LINCOLN ELECTRIC COMPANY 
Cleveland 17, Ohio 


THE WORLD'S LARGEST MANUFACTURER OF 
ARC WELDING EQUIPMENT 
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Two effects relating to the performance of the 
models, independent of the individual model and 
in addition to the effect of the couple, were noted. 
One is the Bernoulli effect, the passage of the high 
velocity CO. gas over the control surfaces of the 
model causing violent maneuvers or weird spins 
about the wingtip to wingtip axis in a stalled atti- 
tude. The other effect is the re- 
duction of the thrust to near 
zero when the CO, cylinder is 
placed in a tube extending back 
beyond the tail end of the cyl- 
inder. This reduction of thrust 
is caused by the reduction of the 
velocity of the exhaust gas as it 
passes through the turbulence 
and air resistance in the ap- 
pended tailpipe. In rough ap- 
proximation the continuity equa- 
tion from elementary fluid 
dynamics gives the magnitude 
of the decrease in thrust. The 
gas leaves the new tailpipe at a 
velocity equal to the old velocity 
times the ratio of the area of 
the cross section of a straight 
pin to the area of a circle of 34 
inch diameter. This’ velocity 
gives only an infinitesimal! 
thrust. 

Examples of several successful 
and unsuccessful models follow. 

Model No. I 

This model was the first one 
built by the author for free 
flight CO, flying. Its wing span 
was nine inches, length about 
seven inches. The wings were 
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made of 14” sheet balsa warped 
to airfoil shape with airplane 
cement and tapered to a stream- 
lined cross section. With the 
stabilizer in position (b) the 
climb of the model was excellent. 
The model was too small to glide 
with the weight of the cylinder. 
A later model with the stabilizer 
in position (a) stalled and did 
back flips because of the Ber- 
noulli effect of the speeding 
gases under the stabilizer. No- 
tice that the thrust line passes 
very close to the center of grav- 
ity and to the center of drag. 
Model No. II 

This model was excellent from 
the standpoint of thrilling per- 
formance. It would climb at a 
steep angle with power on and 
then go into a vertical dive with 
no appreciable glide whatsoever, 
because the center of gravity 
was well forward of the center 
of lift. The climb was effected 
by the lift of the wings, the up- 
ward component of the thrust 
itself, the torques of the couple 
mentioned previously, and of the 
Bernoulli effect upon the tail, 
both tending to point the nose of the model up- 
ward. After a good flight the plane might be from 
seventy-five to one hundred yards from the launch- 
ing site. It might have reached the altitude of the 
top of a five-story building during its flight. After 
diving from that height into soft ground its nose 
might be buried to the depth of one inch, but it 
would be undamaged. 


Model No. IV 
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Model No. III 

This model was built to elimi- 
nate the Bernoulli effect on the 
stabilizer. The wing was built of 
iy” sheet balsa warped and 
carved to proper airfoil shape 
as was the wing of Model I. The 
thrust line passes close to the 
center of gravity and the center 
of drag, giving a good climb 
under power. The model has a 
slight tendency to stall at the 
end of the motor run, but it 
recovers from the stall and lands 
after a fast, smooth glide. Of the 
author’s several designs for CO. 
power, this model and Model II 
are the most successful to date. 

Model No. IV 

This model, an unsuccéssful 
one, was built with the thrust 
line too far away from both the 
center of gravity and the center 
of drag. The couple caused by 
this placement and by the Ber- 
noulli effect beneath the tail 
made the model do a tight verti- 
cal loop and crash on its first 
flight. 


Model No. V 
This model, also unsuccessful, is presented to 
show the placement of the CO, cylinder with re- 
spect to the end of the tube in which the cylinder 
is placed. The thrust developed by the cylinder in 
this case was nil because the gases had slowed 
down before they left the model. 
Model No. VI 
This model was built in an attempt to find a 
suitable way to eject the spent cylinder from the 
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Model No. VI 


model in mid-air so that the model could then 
glide without the burdensome weight of the cyl- 
inder. The method illustrated by this model was 
simple—too simple to work. The cylinder casing 
was to be held against the model by the force of 
the thrust against the slanted 
hooks on the model. After the 
thrust decreased to a certain 
amount the component of grav- 
ity along the slanted hooks was 
to pull the cylinder free from 
the plane. It was found that the 
force between plane and cylinder 
was never enough to hold the 
cylinder in place. 

To summarize: The problems 
of design associated with CO, 
cylinder power arise mainly 
from the weight of the cylinders, 
and the rapid decay of the high 
initial thrust of the cylinders. 
The designer must have these 
characteristics of the cylinders 
in mind when he thinks of de- 
signing a model to be powered 
with them. 

Jetex units have problems of 
their own, but their problems are 
much simplified by the constancy 
of the thrust given by solid fuel 
rockets of the Jetex type. Both 
types of powerplants seem to 
have a high potential for use on 
small model planes. The author 
hopes that this article and the 
preceding one have outlined the 
good and bad points of Jetex and 
CO, power well enough to arouse 
some curiosity about this type 
of power. 
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Calling this jet engine ignitor a 
million watt spark plug is an under- 
statement. Actually this picture 
shows a 1,500 kw discharge that 
occurred in 25 microseconds. 


One of a series of photographs 
taken as we vary voltages and 
ignition system design, it helps us 
study the arc size and the pene- 
tration of the discharge into the 
combustion chamber. These and 
other studies provide the knowl- 
edge necessary for the design of 
dependable ignition systems — 
systems that will start combustion 
at 45,000 foot altitude and —65° 


temperature. 


million watt spark plug... 


Good ignition is important. Yet 
ignition research is only one small 
phase of our development program. 


But this work does suggest how 
completely we explore technical 
areas to produce dependable air- 
craft engines. And it illustrates the 
wide variety of tools and tech- 
niques we use to solve difficult 
problems. 

Here, emphasis is put on “get- 
ting the facts” — all the facts. This 
makes good sense to recent grad- 
uates who want to do real engineer- 
ing — explains why so many are 
attracted to a career at Pratt & 
Whitney Aircraft. 


PRATT & WHITNEY AIRCRAFT 


Division of United Aircraft Corporation 


East Hartford 8, 


Connecticut 
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Whenever fastening problems arise... 


Consider ELASTIC STOP NUTS 


LOOK FOR THE RED 
LOCKING COLLAR 


It is threadless and resilient. Every bolt impresses 
(but does not cut) its full thread contact in the 
Red Elastic Collar to fully grip the bolt threads. 
In addition, this threading action properly seats 
the metal threads—and eliminates axial play 
between bolt and nut threads. All Elastic Stop 
Nuts—regardless of type or size—lock in posi- 
tion anywhere on a bolt or stud, maintain 
accurate adjustments and seal against liquid 
seepage. Vibration, impact or stress reversal 
does not disturb prestressed or positioned set- 
tings. 


cit ANCHOR 7 


Whenever fastening presents a problem—ESNA is ready with a quick 
answer. More than 3000 types and sizes of self-locking vibration-proof 
fasteners—plus the “know-how” of ESNA engineers—are available here 
at ESNA. 

ESNA has long been known as “design headquarters” for self-lock- 
ing fasteners. Accepted by Army, Navy and Air Force, virtually every 
aircraft built in the past decade has been Elastic Stop Nut-equipped. On 
the railroads, in the oil fields, on automobiles and construction equip- 
ment, Elastic Stop Nuts manufactured to exacting quality control stand- 
ards, are doing specialized jobs every day. 

Be familiar with the design help ESNA offers. Write us for details 
on Elastic Stop Nuts. Elastic Stop Nut Corporation of America, 2330 
Vauxhall Road, Union, N. J. 


HIGH SPLINE CLINCH GANG NYLON 
TEMPERATURE CHANNEL car 


DESIGN HEADQUARTERS FOR SELF-LOCKING FASTENERS 
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from the editor's notebook 


Dollars for peace?..... or for war? 


Our national leaders (of both political parties) have been claiming for several 
years, that the major goal of our United States foreign policy is the creation of last- 
ing peace. They have insisted that the present policy is sound and directed toward 
that goal. 


Looking at the Federal budget for the current fiscal year, we see that Congress 
has set aside $576,162,000 for non-military aid to other nations, technical assistance 
programs, contributions to international organizations, and international information 
and education activities; that is, about 1.05% of our Federal budget is devoted to 
projects which might make peace a reality. 


Lest war should come, in spite of our efforts to achieve peace, Congress has 
seen fit to appropriate $41,001,661,000 for national defense, foreign military aid, 
and the stockpiling of critical materials—about 75.2% of the United States budget is 
devoted to war preparations, just in case. 


Proposals for universal military training are now under consideration; a review 
of the contents of U. S. newspapers and magazines reveals that most of our time, 
effort, and thought is spent anticipating the war none of us want. In view of all this, 
it is hardly surprising that our allies view our well intentioned policy with some 
apprehension. 


Our present foreign policy which requires that we spend most of our time, effort, 
and money preparing for its failure, is of questionable value. Our leaders have claimed 
that they have no quick, easy solution to the world’s problems, and they, apparently, 
think that this confession permits them to have no solution at all. 


It would take considerable experience and space to outline in detail the neces- 
sary changes in our foreign policy. However, the politicians should be aware of sev- 
eral plans which have been shunned because they are too “radical’’. These “idealistic” 
plans have, at least, one advantage: they do not demand that we bet against our- 
selves. One might hope that, with the New Year, there will come a new foreign 
policy—one which not only talks, but also works and plans for peace. 

H. J. S. 
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The great majority of cast iron pressure 
pipe produced today is cast centrifugally, in metal or 
sand-lined molds. 

When this mechanized process was introduced 27 
years ago, its potentialities for improved production 
controls were evident. For human fallibility was largely 
replaced by machine accuracy based on scientific 
principles. 

The improved production controls made possible by 
the centrifugal casting process have long since been 
realized. Hundreds of millions of feet of centrifugally- 
cast-iron pressure pipe are now in service. All of this pipe 
is more uniform in metal structure, in wall thickness, 
and in concentricity, than pipe not centrifugally cast. 

Better production control means better pipe; it re- 
sults in greater uniformity of quality. 

Production controls in cast iron pipe foundries start 
almost literally from the ground up with inspection, 
analysis and testing of raw materials; continue with 
constant control of cupola operation by metal analysis; 
and end with rigid tests of the finished product. 


By metallurgical controls and tests of materials, our 
members are able to produce cast iron pipe with exact 
knowledge of the physical characteristics of the iron 
before it is poured into the mold of a centrifugal casting 
machine. 

Cast iron pipe is the standard material for water 
and gas mains and is widely used in sewage works 
construction. 

Send for booklet, “Facts About Cast Iron Pipe.’ 
Address Dept. C., Cast Iron Pipe Research Association, 
T. F. Wolfe, Engineer, 122 So. Michigan Avenue, 
Chicago, 3, Illinois. 


Section of 114-year-old cast iron gas 
main still in service in Baltimore, Md. 


3 SERVES FOR 
2 CENTURIES 
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Richard J. Conway, Lehigh ‘31, selects 
Manufacturing Engineering at Worthington 


RICHARD CONWAY checks 
cutting tool with machinist 
before milling a pump casing. 


After completing his general training which brought him in 
contact with all departments, Richard J. Conway decided that 
manufacturing engineering was his field. He says, “I chose the 
Manufacturing Engineering Department after completing my 
general training at Worthington because as a graduate in In- 
dustrial Engineering I can learn the practical aspects of my 
field while applying theory I learned in college. 

“The personnel of this department work together as a team 
toward the solution of the numerous problems which arise 
daily. We have the cooperation of all other departments in the 
corporation in getting the necessary facts pertinent to the solu- 
tion of these problems. In the course of our day it may be 
necessary for us to meet the Plant Manager, Chief Engineer, 
Comptroller, several department heads, clerks, foremen, ma- 


FOR ADDITIONAL INFORMATION, see your College 
Placement Bureau or write to the Personnel and Training 
Department, Worthington Corporation, Harrison, N. J. 
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chinists and many others throughout the company. 

“I have contributed to the solution of many problems han- 
dled by this department including metal spraying, machining 
procedures, purchasing new equipment and designating proper 
dimensions to obtain desired fits between mating parts. 

“IT enjoy my work because I’m doing the work I want and 
my formal education is being supplemented with practical 
knowledge gained from the tremendous wealth of knowledge 
available to me at Worthington. I know from personal contact 
with many other departments in the Corporation that Wor- 
thington can and will find their young engineers a spot which 
will give them the same opportunities as have been afforded me.” 

When you're thinking of a good job, think Aigh—think 
Worthington. 





organs 


A Panoramic Discussion of Modern Pipe and Electronic Organs 


By Allen Langord, ’57 
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CONSOLE 
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CONTACTS 


Probably the largest, most intricate, and even 
most fascinating of all musical instruments is the 
organ, for truly no other instrument can approach 
it in tonal variation or be suited so well to so 
many diversified tasks. 

It is indeed strange, however, that many do not 
possess a better understanding of its nomencla- 
ture, construction, and operation, for in reality, 
when its complexity is analyzed, one can readily 
see how beautifully the many thousands of indi- 
vidual components are coordinated and work in 
harmony with one another. Let us then examine 
some of the basic concepts of the organ and from 
these acquire a fuller understanding of, and a 
greater appreciation for, this instrument. 

The modern pipe organ uses electricity through- 
out and hence is sometimes referred to as an 
“electric action” organ. The purpose of the elec- 
tricity is only to actuate valves and to relay in- 
formation from the console to the organ proper 
and has no part whatsoever in the tone. In an 
electronic organ, however, electricity actually pro- 
duces the sounds; consequently, do not confuse 
“electric organs” with “electronic organs’, for, as 
mentioned above, electric organs are pipe organs 
with electric action and control. 

Let us begin with the pipes of the organ. Sounds 
are produced by the pipes, which vary greatly in 
size, shape, and material, and may have high or 
low pitch and thin or full tones (or any variation 
thereof). The pipes sound or “speak” by means of 
air pressure forced through them. Pipes are made 
from wood or metal (usually a mixture of lead 
and tin for the small metal pipes). When large 
metal pipes are needed the special mixture is used 
only for the parts which affect the quality of the 
tone. Pipes are divided into two classes according 
to the method of tone production and into four 
classes according to tone color. In the first cate- 
gory there are the “flue” and the “reed” pipes. In 
the flue pipe (which resembles a whistle) the tone 
is produced by forcing air across an opening 
known as the mouth, while the reed pipes speak 
when air vibrates'a small metal reed inside the 
pipe itself. The four tone classes are diapason, 


TYPE OF 


SWITCH ELECTRONIC 


GENERATORS 


flute, string, and reed. The diapason gives the 
“characteristic organ tone,” and the flute tone is 
smoother and softer than the diapason, while the 
string tone is considerably sharper and thinner 
than either the flute or diapason. Reed tones are 
very metallic in sound and imitate the various 
wind instruments of the orchestra. The pitch and 
quality of the pipe is determined by several vari- 
ables within the pipe’s physical structure. In flue 
pipes the pitch is lowered as the length of the 
tube increases while the quality of the tone is de- 
termined by the diameter relative to the length. 
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Reed pipe pitch is altered by the length of the 
vibrating tongue and by the position of the spring 
wire; quality is affected by the pipe’s shape and 
size, thickness of the reed, and many other fac- 
tors. Also pipes may be “open” or “closed”, i.e. 
having a plug in the top; a stopped pipe sounds 
almost one octave lower than an open pipe of the 
same length. A pipe whose pitch corresponds to 
the written note is said to be an 8’ pipe; a 16’ pipe 
sounds one octave lower and a 4’ pipe sounds one 
octave higher. There are also 32’, 2 2/3’, 2’, 13/5’, 
etc. pipes (these terms are only relative). A 2 2/3’ 
pipe is a twelfth on the scale, and a 2’ pipe is a 
fifteenth, etc. Any pipe that sounds above the 
twelfth is generally referred to as a “mutation”, 
and the purpose of this type is to reinforce the 
natural harmonics of the 8’ (or unison) pipe. 
Even though pipes are designed to have certain 
inherent qualities, it takes an expert “tuner and 
voicer” to make all the pipes sound well together. 

Each pipe is one note in a member of a larger 
unit called a “stop”. Each stop contains pipes that 
produce sounds of the same quality but are of 
different pitch. In other words, a stop is a “rank” 
of pipes. One must realize, however, that a stop 
does not sound exactly like the orchestral instru- 
ment it represents. Stops are members of an even 
larger unit called a “section”, and a section may 
have any number of stops comprising it. Pipes get 
their air from a “windchest” which has two main 
purposes: it actually carries or holds the pipes, 
and it has the apparatus for distributing wind to 
them. Each windchest can supply air to about nine 
stops; large organs must have several chests, for 
they have many stops. The windchests must get 
their air supply from a large single source which 
is called the “wind supply”, and this supply in- 
cludes a blower and appropriate ducts from the 
blower to the chests. 

Let us now examine the console where the con- 
trol of all these stops is centered. A console con- 
sists of “manuals” (or keyboards just like the 
piano keyboard), pedals (which are actually keys 
operated by the feet instead of the hands), stop 
knobs for controlling the stops, and ‘“‘expression” 
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MIXER 
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pedals (for controlling the relative volume of the 
entire organ). A manual consists of sixty-one keys 
which operate the individual pipes; an organ may 
have from one to seven manuals or even more if 
it is desired. There are thirty-one pedals which 
effectively correspond to thirty-one pipes. Each 
manual controls a “section” of the organ which is, 
as we know, composed of any number of stops. 
The knobs for controlling these stops are ar- 
ranged, for the sake of convenience, according to 
their section. The names of the sections corre- 
spond to the names of the manuals, which are, 
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SPEAKERS 


for a five manual organ, Great, Swell, Choir, Solo, 
and Echo. These names generally indicate what 
type of stop is found on the manual. Some pipes 
are enclosed in a box with shutters that open and 
close like venetian blinds; this device, as can be 
readily seen, will make the organ soft when the 
shutters are closed and loud when the shutters are 
opened. These shutters are controlled by the ex- 
pression pedals on the organ. The controls just 
mentioned are most important for the operation 
of any pipe organ. Some large organs, however, 
which may have as many as 13,000 pipes and 150 
stops, would be extremely difficult to operate since 
an organist is constantly changing stops; because 
there are so many, this would be an almost im- 
possible task. To ease the situation, organ builders 
have introduced “pistons”, which are buttons 
under the manuals which can change complete 
stop combinations instantaneously. All an organ- 
ist must do is to set up the “stop combinations” 
he wants on the various pistons and then change 
the whole “registration” of the organ at the push 
of a button. Piston combination setups on most 
organs may be changed at will. Another feature 
of many organs is a device called a ‘“‘coupler’”’. This 
is a “switch” that allows the organist to play 
simultaneously two, three, four, etc. manuals, or 
manuals and pedals, or any combination thereof 
from one manual. The organist may also couple 
one manual to itself at written pitch plus one 
octave higher or lower and/or both. This octave 
coupling may also be used between manuals and 
even between manuals and pedals. The names on 
the couplers are usually as follows: Sw-Gt 8’, 
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Sw-Gt 16’, Sw-Sw 8’, Gt-Ch 8’, Sw-Pedal 16’, etc. 

In conclusion of our discussion on the pipe organ 
notice the following parts on the organ illustrated, 
which was constructed by the Aeolian-Skinner 
Company. Locate: the manuals, the pedals, the 
pistons (the buttons directly under the various 
manuals), the foot pistons (just above the pedals; 
these pistons are operated by the feet when the 
hands are busy with something else), the expres- 
sion pedals (the ones that resemble automobile 
accelerators), the stop knobs on either side of the 
console, and the couplers, which are slightly above 
and behind the highest manual. 

Electronic organs create tones by electrical im- 
pulses which can be generated in various ways. 
These tones are then electronically mixed with the 
proper overtones and harmonics. This mixing is 
controlled by the stop knobs on the manuals. After 
this the tones are amplified and then sent into 
speakers. An electronic organ does not usually 
have more than two manuals and seldom has pis- 
tons, but it does have stop knobs. It is played with 
about the same technique as a pipe organ. The 
electronic organ produces, theoretically at least, 
the same sounds as a pipe organ, but in reality 
can never sound quite like a pipe organ, for in- 
herent qualities exist in pipes which cannot be 
faithfully reproduced electronically. Even the rush 
of wind through the pipes can never be imitated 
in the electronic organ. 

This outline, then, has shown that even though 
organs are tremendously complicated, and must 
be precision made by craftsmen and artisans, they 
do, indeed, resolve into elements which, in essence, 
are readily comprehensible. 


TUNING WIRE 
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THE DU PONT 


DIGEST 


Dev clopment 
Offers Training and Opportunity 


John Purdom, M.S. in Ch.E., Ohio State °48 (right), confers with other engineers on the 


progress of a new plant. 


A young chemical engineer recently 
had his first assignment in a Plant 
Development group at Du Pont. He 
was part of a team assigned to im- 
prove recovery of adipic acid, anylon 
intermediate, from plant-waste 
streams. 

First, he made a literature survey 
for possible leads. Three recovery 
methods came under consideration: 
solvent extraction, crystallization, and 
a combination distillation-crystalliza- 
tion process. He helped to set up a 
laboratory program to compare and 
evaluate them. 

Preliminary results were somewhat 
inconclusive. It was decided to go 
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ahead with semi-works tests, while 
an organic chemist completed the 
laboratory work. 


Next, the young chemical engineer 
joined forces with a mechanical engi- 
neer to design a semi-works plant to 
evaluate each method. In this plant, 
all vital points were checked and re- 
checked: materials of construction, 
steam and water requirements, heat- 
transfer coefficients, yields, product 
quality, and pollution problems. 


The semi-works data revealed that 
the distillation-crystallization process 
was the most economical, and also 
gave the best prodzuct quality. Usual- 
ly, the next step would be construc- 


Ra 

Robert Thomson (left), B.S. in Ch.E., Univ. 
of Va. ’50, David S. Rumsey (center), M.S. 
in Ch., Univ. of Mich. 48, and Rene M. 
LeClair (right), M.S. in Ch. E., M.I.T. ’51, 
test samples on an experimental batch unit. 


tion and operation of a pilot plant. 
But this time, engineers from the 
Production Division arranged for a 
limited-scale plant test, using a spare 
batch still and a crystallizer on a 
part-time basis. Two months of test- 
ing confirmed the previous data—the 
new distillation-crystallization process 
recovered adipic acid efficiently, and 
would reduce costs considerably. The 
plant is now using this process suc- 
cessfully. 


That’s how one young chemical 
engineer started his career in a typical 
Du Pont Plant Development group. 
The job of such groups is to make 
processes and equipment more effi- 
cient, to adapt products to new uses, 
and to improve product quality. 


Plant Development work not only 
offers opportunity in itself but valu- 
able training for other fields. 


ASK FOR “Chemical Engineers at 
DuPont.” This new illustrated booklet 
describes initial assignments, training, 
and paths of promotion. Just send a 
post card to E. I. du Pont de Nemours 
& Co. (Inc.), 2521 Nemours Building, 
Wilmington, Delaware. Also avail- 
able: ““Du Pont Company and the 
College Graduate”’ and ‘‘Mechanical 
Engineers at Du Pont.”’ 


®E6. U. 5. paT.OFF 


BETTER THINGS FOR BETTER LIVING 
. » » THROUGH CHEMISTRY 


Watch “Cavalcade of America,” on Television 
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Stock market predictions 


By Sherwin Kalt, G. 


as. 4.3 > 3 2 = 
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(This is an abridgment of a Bachelor’s thesis 
done last year in the Department of Economics 
and Engineering by Sherwin Kalt. Due to lack of 
space it was necessary to eliminate some major 
portions of the thesis and most of the tables of 
data included—Editor.) 

This thesis is an attempt to gauge the validity 
of a number of rules for stock market prediction 
which are commonly accepted and widely known 
to the trading public. The following is a statement 
of the ideas with which this paper shall be con- 
cerned: If volume of shares traded expands as 
price increases, or if volume contracts as price 
decreases, this indicates bullish tendencies. If vol- 
ume traded contracts as price increases, or ex- 
pands as price decreases, this indicates bearish 
tendencies. (For those unfamiliar with Wall Street 
jargon: Bullish tendencies are tendencies for 
prices to rise. Bearish tendencies are tendencies 
for prices to fall.) 

The theoretical basis for the ideas stated in the 
last paragraph can be simply stated. A transaction 
carried out at a lower price indicates an active 
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desire to sell on the part of one of the participants 
in the transaction, and a less active desire to buy 
on the part of the other party. If there is consis- 
tently greater volume on declines than on ad- 
vances, this indicates increased desire to sell, or 
decreased desire to buy on the part of a significant 
number of traders, and will eventually result in 
lower prices. The argument on the bullish side is 
the inverse of the above. The validity of this 
argument can be tested, empirically, which is the 
purpose of this paper. 

The above statement of the principle is not suf- 
ficiently accurate to allow statistical study, unless 
further assumptions are made. These assumptions 
must specify such factors as: 

(1) The length of the period for which the pre- 
diction is made. Price-volume relationships have 
been used in attempts to predict major bull or 
bear markets, and also daily or weekly fluctua- 
tions. In this paper I have attempted to evaluate 
their effectiveness for both long-term and short- 
term predictions. 

(2) The length of the test period in which it is 
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determined whether prices and volume are in- 
creasing or decreasing. In general practice this 
period is daily or weekly, although it is possible 
to visualize hourly or almost instantaneous inter- 
vals used. 

(3) Does the statement refer to changes in vol- 
ume relative to a preceding interval, or to some 
“average volume’? Either interpretation is pos- 
sible. 

(4) The time which must elapse before a predic- 
tion is reflected in the action of the market. 

In all tests price changes have been measured 
by the Dow-Jones industrial average, and volume 
figures are the total sales on the New York Stock 
Exchange. All price and volume figures were ob- 
tained from Barron’s, National Business and Fi- 
nancial Weekly. These figures are used since they 
are most commonly referred to in the usual mar- 
ket forecasts. 


I 
Short-term Prediction 


Do the price-volume relationships evidenced on 
a given day enable prediction of market action on 
the next day? The assumptions made in answer 
to the four questions listed in the introduction are 
as follows: 

(1) The length of period for which the predic- 
tion is made is one day. 

(2) The length of the test period is one day. 

(3) Changes in volume are considered relative 
to the previous day. 

(4) The prediction is reflected by the end of the 
following day. 

In this test I used samples taken in the years 
1942 and 1937. Tables are compiled as follows: On 
a given day, when the Dow-Jones industrial aver- 
age increases in magnitude, a plus sign is placed 
under that day, on the line called “Change in 
Price”. A negative sign is used when the average 
declines on a certain day. On that same day, if 
volume of sales on the New York Stock Exchange 
has increased from that of the previous day, a plus 
is put under that date on the line called “Change 
in Volume”. When volume decreases, relative to 
the preceding day, a negative sign is used. This is 
done for succeeding days during different chosen 
periods. 

From the original statement of the price-volume 
relations we see that if a bullish indication is rep- 
resented by a positive sign, and a bearish one by 
a negative sign, it is only necessary to multiply 
the sign of the “Change in Volume” for a given 
day by the sign of the “Change in Price” to de- 
termine the indication of that day. For example, 
suppose on a given day the value of the Dow-Jones 
industrial average increases. A positive sign is 
entered for “Change in Price’. If sales volume is 
greater than on the previous day, a positive sign 
is entered for “Change in Volume”. The product 
of these two positive signs is, of course, positive, 
meaning that the indication is bullish. This checks 
with the original statement of the theory. Like- 
wise, the product of any other combination will 
agree with the original statement, as the reader 
can easily check for himself. We are trying to test 
the assumption that a positive indication on one 
day increases the chances of an increase in price 
the next day, and a negative indication increases 
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the chances for a decrease in price the next day. 
If I, is the sign of the indication on day n, and 
P,,: is the sign of the change in price the next 
day, and if the assumption is correct, the product 
I, P41 should be positive a significant number of 
times greater than chance. 

The overall percentage of positive I, P+, to 
total trials is 47%. This value, which is below the 
chance value, seems to provide clear evidence that 
the predictive use of price-volume relations for 
such short periods will not be successful. 

A similar test applied on the basis of weekly 
changes in price and volume used as predictors for 
price changes for the succeeding week gave an 
average of 53.5%. The periods surveyed were June 
1949 to June 1951, January 1946 to October 1946, 
and May 1948 to May 1949. I, Pas, was positive 
106 times out of 198. This result is sufficiently 
close to fifty percent to be considered chance. 
From these tests we would conclude that no indi- 
cations have been obtained supporting the validity 
of price-voluine predictions on a short-term basis. 


II 
Major Turns in the Market 


In this section I turn to a study of price-volume 
relations before important reversals in the market. 

The notation used here will be the same as that 
used in the previous section, and the methods used 
in compiling data will be the same. In fact, the 
same data used previously will be examined again. 
The question arises: Is there a consistently 
greater percentage of positive indications before 
a rise in the market than before a decline? 

Method A 

Here again it is necessary to determine the four 
conditions mentioned in the introduction: (1) We 
shall examine the effectiveness of price-volume re- 
lations in predicting major turns in the market. 
(2) Test periods will be chosen of length one day. 
(3) Changes in volume will be referred to volume 
in the preceding day. (4) The tests will be per- 
formed on periods immediately preceding the date 
for which prediction is made. Dow-Jones indus- 
trials and New York Stock Exchange volume fig- 
ures are used, as usual. 


Table | 
Summary of Results (Daily Indications) 


Periods before bull market tops 
Date period ends % positive indications 
3-9-37 
9-7-37 
8-27-46 
Period before bear market bottom 
Date ending %, positive indications 
4-28-42 54%, 
Periods following bear market bottoms 
Date ending °% positive indications 
6-5-42 62%, 
9-11-42 63%, 


It is interesting that all but one of the figures 
obtained is greater than fifty percent. This indi- 
cates that volume tends to expand slightly, on the 
average, when price increases on a day-to-day 
basis. This is probably explained by the average 
investor’s tendency to be bullish rather than bear- 
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ish, thus causing greater interest on rises than 
falls. There is no indication of a significant differ- 
ence between the figures obtained at tops and at 
bottoms. There seems to be some increase in the 
percent of positive indications after the start of 
the bull market. (See “Periods following bear mar- 
ket bottoms,” Table 1.) However, although the 
small number of instances obtained do not allow 
any definite conclusions, the possibilities here do 
not appear promising. 


Method B 


Tests similar to Method A can be carried 
through using weekly periods as the basic unit 
instead of daily periods. The method here was to 
take twenty week periods previous to major mar- 
ket turns and record the weekly price-volume re- 
lations in charts just as was done in the previous 
section. 

Table 2 


Summary of Results 


Weekly Indications 


Before or During Early Bull 
Market Rises 
1942 (before low) 45°, 
{after low) 80°, 
1949 (before low) 55°, 
(after low) 50° 


Before Market Drops 
1937 (First top) 50%, 
(Second top) 45°, 
1946 35%, 
1948 35% 
1953 (First top) 60%, 
{Second top) 50°, 
This table shows more interesting results than 
Method A. We note that in only one case before a 
drop do we find more than fifty percent positive 
indications (1953), and that is corrected upon 
reaching the second top. In only one case before a 
rise is there less than fifty percent positive indi- 
cations (1942), and that is changed soon after. 
The results before falls and before rises are suffi- 
ciently close together that, having no further in- 
formation, one would consider it likely that, as- 
suming fifty-five percent were considered a bull 
signal and forty-five percent a bear signal, many 
false signals would be given. However, the results 
indicate that this technique of prediction deserves 
further examination. 
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It will be recalled that Method 
B uses weekly units in twenty 
week groups in an attempt to 
predict major turns in the mar- 
ket. Figures 1 and 2 contain an 
approximate plot of the Dow- 
Jones industrials over a moving 
series of twenty week totals of 
positive indications, obtained as 
previously explained in Method 
B. Each total is placed on the 
graph at the point following the 
last term in the series. In other 
words, the series is not centered. 
The series is calculated from 
1942 through last obtainable 
date in 1953, with 1937 also in- 
cluded. The graph, in effect, 
simply shows the number of pos- 
itive indications a person would 
have obtained if on the given 
date he had calculated’ the 
twenty week total for that period 
immediately previous. 

It is obvious at once that if any feature of this 
moving total is useful for prediction, it is not the 
absolute level of positive indications at any time. 
Note that before the 1946 break we observe nine 
positive indications, while at the bottom in 1946, 
we observe four positive indications. This, in con- 
junction with many similar observations the 
reader can make for himself, shows that the abso- 
lute level is irrelevant. However, it is possible that 
a rise or a fall in the level of positive indications 
would be meaningful. In other words, we are inter- 
ested in the derivative with respect to time of the 
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order to test this hypothesis, we shall make the 
following assumptions: When a rise in positive 
indications retraces more than half the previous 
fall, this is a bullish signal. When the fall retraces 
more than half the rise, this constitutes a bearish 
signal. 

For example, Figure 3 contains an idealized 
sequence. We see a rise in positive indications 
from five to sixteen. When the decline has re- 
traced more than half the advance, or six points, 
we have a bearish indication. We now have a de- 
cline of eight points. When the succeeding rise in 
positive indications exceeds five points (more than 
half of eight), this is a bullish indication. The suc- 
cess of this method depends on whether the indi- 
cation series leads stock prices. 

In general, the actual data will contain irregu- 
larities, and continual small changes in direction. 
There is also the danger that a series like that in 
Figure 4 might appear, giving continual buy and 
sell signals. 

To take care of both problems it is necessary 
to define the smallest change in positive indication 
which is meaningful in defining a new trend. 
The choice will depend to a large extent upon how 
often the trader wants to be in and out of the 
market. I have defined this significance level to be 
a minimum change of five. 

Now, let us examine the performance of this 
method during the periods graphed. This method 
would be expected to give successful results when 
it leads the movement of the Dow-Jones indus- 
trials by a sufficient amount. The graph of posi- 
tive indications turned down before the industrial 
average had dropped substantially in 1937, 1943, 
1946, 1950, 1951, and 1953. In many of these cases 
the lead was not sufficient to give bearish indica- 
tions before the market decline. In the years 1945, 
1947, and 1948 the graph tended to move parallel 
to the average, giving wrong predictions most of 
the time. 

Consider the bearish predictions. During the 
period charted we find two major declines: 1937 
and 1946. These were the only two covering more 
than forty points during this period. In 1946 the 
highest weekly closing price was 212 at the close 
of the week of May 27, with the break occurring 
at the end of August from a level of about 200. 
The sell signal occurred when the _ indication 
reached nine at the end of the week of April 22, 
with the industrial average at 206. We do not have 
enough data to determine when the sell signal 
occurred in 1937, but it doubtless occurred during 
the drop before the final rise, when the indication 
fell from twelve to seven while the average was 
falling from 180 to 170. The high was at 190. 
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Table 3 
Buy and Sell Signals Determined by Method B 


Sell Signals 


High Low 
before next before next 
Date Price buy signal buy signal buy signal 
1937 170-180 190 120 
June 4, 1943 143 158 131 158 
June 8, 1945 167 179 167 179 
April 26, 1946 206 212 165 175 
May 30, 1947 169 186 169 178 
Feb. 20, 1948 167 193 167 176 
July 21, 1950 208 255 208 255 
Nov. 9, 1951 26l 280 256 273 
April 3, 1953 280 280 266 


Buy Signals 


High Low 
before next before next 
Date Price sell signal sell signal __ sell signal 


1942 100-110 143 100-110 143 
Feb. 16, 1945 158 167 154 167 
Sept. 21, 1945 179 206 179 206 
Dec. 13, 1946 175 184 169 169 
Sept. 19, 1947 178 184 167 167 
Dec. 3, 1948 176 208 164 208 
Feb. 16, 1951 255 276 243 26! 
Nov. 7, 1952 273 292 273 280 


Table 3 shows that six of the nine sell signals 
were later followed by buy signals at higher 
prices. The large number of false signals, at least 
on the negative side causes some uncertainty as to 
whether the successful bearish signals before the 
major drops were not merely coincidence. How- 
ever, it must be noted that the major turns in 
1937 and 1946 are included among the bearish 
signals. 

On the buy side, six out of eight purchases 
would have been profitable (the degree of profit- 
ability varying widely). 

It would be interesting to collect further data 
from previous periods to determine if similar pat- 
terns appear at other times. The twenty week 
series was merely chosen at random. Some re- 
search might determine an optimum length of 
series, the best minimum significant variation, and 
a ee of retrace different from fifty per 
cent. 

In view of the fact that this method was correct 
in predicting major turns in 1937, 1942, and 1946, 
it is possible that there is some validity to this 
variation of the price-volume theory. 
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NORTH AMERICAN HAS BUILT MORE AIRPLANES THA 












F-100 Super Sabre — designed and built by North American Aviation. 
America’s first true tri-sonic fighter ... flies faster than sound in level, 
operational flight. Now in priority production for the Air Force. 






The plane you help design and develop will probably carry a designation 
somewhere in the mid-hundreds... perhaps it will be jet-powered, 
maybe ram-jet...or we will have developed a rocket propulsion system 
capable of sending it into the high Mach numbers. It may carry a pilot... 
‘4 it may not. But it will embody design principles, new electronic components 
and air artillery far advanced beyond anything now in the air. 

North American Aviation, designers and builders of the world-famous 
F-86 Sabre Jet and the new F-100 Super Sabre, needs engineers with vision 
and imagination ... men with a solid technical foundation who will be ready to 
help design and build the better aircraft of tomorrow. Other fascinating 
careers are also open in North American’s guided missile, jet, rocket, 
electronic and atomic energy programs. Projects that are years ahead to 
keep America’s security strong. 

When you are prepared to enter the engineering profession, consider the 
well-paid career opportunities at North American. Meanwhile, write for 
information concerning your future in the aircraft industry. 





















Contact: Your College placement office or write: Employment Director, 






5701 West 12214 South North American 
Imperial Highway Lakewood Blvd. Aviation, Inc. 
Los Angeles Downey, Calif. Columbus 6, Ohio 
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engineers and their jobs 


American industry again this year is eyeing 
college campuses across the Nation for the young 
man who soon will be tucking that new engineer- 
ing degree under his arm and in June industry 
will once more be vieing for his talents, making 
him offers the fledgling engineer has never before 
received in history. 

This is a rosy outlook for the young engineer, 
but it has a “catch.” That is that some graduates 
—a sizeable number to be sure—are going to be 
“oversold” by eager employers on what the rookie 
engineer can expect on his first job. 

When the “honeymoon” is over a lot of en- 
gineers will find themselves bending over a draft- 
ing board or in testing, analysis or computation 
assignments. Then they may start wondering why 
management is not using to the fullest the talents 
for which there was such frantic bidding only a 
few months before. 

This is the picture given by engineers who were 
caught up in a similar campus employment rush 
during the past few years—a picture presented in 
a report to industry on “How to Attract and Hold 
Engineering Talent,” prepared by the Professional 
Engineers Conference Board for Industry. 

Today, nearly forty per cent of employed en- 
gineers are unhappy in their jobs, the report 
shows, and many of them blame their discontent 
on the fact they were “oversold” by industry re- 
cruiters. 

On the other side of the picture, are the many 
engineers who have found satisfaction in their 
jobs. And equally significant is the way in which 
a wide section of industry is doing everything at 
its command to keep the engineers happy. 

What the engineer thinks of his job and what 
industry thinks of the engineer—a story which 
may go far toward achieving sounder understand- 
ing between the two—is revealed in the report. 

This report is based on a survey carried out to 
learn how management can best create a climate 
in which its engineers can work, happily and ef- 
fectively, in an employee capacity while still re- 
taining professional attitudes. More than 1,400 
engineers employed in industry and more than 200 
employers of engineers—executives of companies 
which carry on their payrolls more than 1,000,000 
persons, working in 1,428 plants—participated in 
the survey. 

If such a large percentage of engineers are not 
happy, what is the reason? Some say they think 
their salaries are too low and some blame it on 
lack of opportunity for advancement offered by 
the employer. 

Of significance, however, is the fact that 
twenty-eight per cent of all the engineers queried 
—including those satisfied with their jobs—in- 
dicated some colleges are not training them ade- 
quately for a career in engineering. And a large 
number of executives agree. Eighty-eight per cent 
of the employers felt engineering schools are turn- 
ing out graduates with an adequate background 
of knowledge of scientific fundamentals, but a 
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majority (sixty-two per cent) believed these new- 
comers were sorely deficient in other areas of 
study. 

Engineers and executives alike were agreed on 
where these deficiencies lay. They indicated a need 
for more work in English, the social sciences and 
business administration. One executive put it this 
way: “They (the engineers) know the engineer- 
ing principles thoroughly. But they do not know 
how to put their ideas into words, either orally or 
on paper.” 

How important this lack of adequate prepara- 
tion was regarded by some is clearly shown in the 
survey results. Those who pointed to a poor en- 
gineering background in college made up the bulk 
of the group which expressed dissatisfaction with 
their lot in industry, particularly as regards their 
prospects of future advancement. 

The engineer, like the doctor and the lawyer, 
is a professional man. Professional status, he feels, 
places him in a class certainly above that of the 
ordinary skilled worker. But what about his pro- 
fessional attitude? Here, he has let himself down 
and he alone is to blame, the executive group 
believes. 

Sixty-two per cent of the employers questioned 
said they thought the young engineers’ attitudes 
are unprofessional. In one plant a management 
representative complained that many of the en- 
gineers do not think of themselves as “working 
for the company” but have the attitude that the 
company, as one put it, “is a laboratory operated 
for their own special benefit.”’ 

In his own defense the engineer tosses the 
blame right back at his boss. Twenty-nine per 
cent replied they did not feel their companies 
recognize their professional status. They resent 
being treated “just like any other employee.” 

Many companies have recognized the need for 
pointing up the professional status of their en- 
gineering employees and in this way have made 
great strides in achieving a common ground of 
understanding. For example, they encourage their 
engineers to accept membership in professional 
societies and participate in technical, cultural and 
civic activities, both for the professional growth 
and social contentment of the engineer and for the 
public relations benefits which accrue to the com- 
pany from such activity. 

A common complaint among many engineers 
questioned in the survey is that they do not know 
where they “stand” with the company. This, they 
believe, eliminates a basic feeling of security on 
which so much emphasis must be placed. 

Both the executives and the engineers were 
asked if the latter were kept currently informed 
of their personal progress within the company. 
Eighty-five per cent of the executives answered 
in the affirmative, but fifty per cent of the en- 
gineers said ‘“‘no.”’ Proof that the engineering em- 
ployee wants such a progress report is the fact 
that more than three-fourths indicated a desire 
for a merit rating system. 
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Hercules® explosives are used by geophysical crews to locate potential oil 
deposits. Hercules also makes cellulose and rosin derivatives that serve the 
petroleum industry in several ways—as in oil well drilling muds, corrosion 
inhibitors. and as additives in secondary recovery operations. 


HIDDEN OIL 
a 


Livestock sprays made with Hercules Thanite® offer 


quick knockdown and high kill of houseflies, horn flies, 
stable flies. Thanite also fortifies household and aerosol 
se @ formulations. Another Hercules toxicant—toxaphene— 


is widely used in agricultural insecticides. 


Lotions for tender baby skins benefit from e . aah T0 ade BABIES HAPPY 


Hercules research in cellulose. Hercules 
cellulose gum—a water-soluble colloid- 
serves as an emollient, thickener, and 
suspending agent in lotions of many types. 
It’s also found in toothpastes, face creams. 
and pharmaceuticals. 


Hercules’ business today helps 

almost everyone’s business. It 
embraces the production of synthetic 
resins, cellulose products, chemical cot- 
ton, terpene chemicals, rosin and rosin 
derivatives, chlorinated products, and 
many other chemical processing mate- 
rials—as well as explosives. Through 
close cooperative research with its cus- 
tomers, Hercules has helped improve the 
processing or performance of many in- 
dustrial and consumer products. 


H 7 xe C UL ce S HERCULES POWDER COMPANY Wilmington 99, Delaware 


Sales Offices in Principal Cities EC54-1 
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Air readily passes through this water repellent silicone 


treated material. 
Photo courtesy Dow Corning Corp. 


Man has long needed a good water-repellent 
which is both easy to apply and permanent. To be 
of high commercial value it must also be efficient 
and relatively cheap to produce. It was discovered, 
about 1940, that the methylchlorosilanes in the 
vapor phase will react with many different sub- 
stances to form a water-repellent film.' This dis- 
covery has led to one of the most important de- 
velopments in the organosilicon field. 

This repellent film can be produced in two ways. 
The first is probably the least used because it can- 
not be performed on many substances that would 
normally be made waterproof. A thin layer of 
silicone oil is laid on the surface, which is then 
heated until the chemical bonding takes place. 
This requires a temperature between 200 to 350 
degrees C., lasting anywhere from a few minutes 
to several hours depending upon the surface. Un- 
fortunately most substances will change their 
form when subjected to such temperatures for 
even short periods of time. Thus the worth of this 
method is severely limited. 

In the second method the form of treatment is 
very simple. A swift reaction of methylchlorosil- 
ane vapor with the hydroxyl groups or absorbed 
water on a surface takes place to form a very fine 
film of methylpolysiloxane, causing a change in 
the contact angle between the surface and liquid 
water. For example, to waterproof a piece of paper 
we merely expose the paper for a few seconds to 
air that is saturated with the vapors of a mixture 
of methylchlorosilanes. The water will then roll 
off the paper or stand in little droplets with a high 
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waterproofing from sand 


By Carl Estes '57 








contact angle. The paper can be wet with many 
hydrocarbon solvents, but they will not destroy 
the film. Only some very strong reagents, which 
are able to dissolve solid silicone resins, such as 
hydrofluoric acid, are capable of removing the 
water-repellent film. 


This type of reaction will also take place with 
wood and cotton cloth, and in a less pronounced 
menner with leather, wool, silk, and many other 
materials. Some ceramic surfaces and glass will 
also react easily with the methylchlorosilane vapor 
to form a very efficient water-repellent film, if the 
surface already has an absorbed film of water 
upon it. Completely dry glass, which has been 
heated under a vacuum, does not become truly 
waterproof under the treatment. Glass that has 
been at room temperature and humidity, on the 
other hand, has a film of water vapor which is up 
to one hundred molecules thick, depending on the 
amount of water present in the surrounding air. 

The uses of this water-repellent process are 
many and varied. When applied to glass, the film 
causes water to run down the glass with a mini- 
mum area of contact. Thus car windows and win- 
dowpanes will shed water much more quickly, 
making them easier to clean. On the windshield 
of a car the rain will stand in small drops with a 
high contact angle. The air flow caused by the 
motion of the car will blow these off the wind- 
shield, leaving it clear. Glasses and dishes that 
have been coated with the film wash and dry more 
easily. Vitreous enamel does not stain very easily 
and it has more luster when the methylchloro- 
silane film has been applied. Many cloths and dif- 
ferent types of paper can be treated to make them 
waterproof. It is possible that further develop- 
ment will enable the methylchlorosilanes to water- 
proof all clothing. 

Silicones are also used as a waterproofing agent 
in concrete blocks. These blocks were treated and 
given severe water sprays and heat cycles equal 
to many years of normal use. They held up for 12 
days. Untreated blocks failed in 24 hours or less 
under the same conditions. Silicone treated paper 
raincoats would be so cheap that they could be 
used once and discarded. Trout flies dipped into 
silicone fluid rest lightly on the surface of a 
stream indefinitely. Silicones will place a coating 
on glasses that protects them from scratches and 
dirt, and doesn’t interfere with refraction. 

The water-repellent qualities of the methyl- 
chlorosilanes are also of great use in the electircal 
field. This is especially true in aircraft electrical 
equipment. When the airplane is at high altitudes 
the components of the electrical system cool to a 

1Silicone, from which this is produced, is most abundant 
in its oxide SiO., or common sand. 
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>» For Superior Valves 
“Specify ERICK 


Whether for handling ammonia, Freon, or 
other gases and liquids at high pressures, you'll 
find Frick valves and fittings most dependable: 
a century of engineering experience is built into 
them. Sizes |/,"" through 14", with or without 
seal-caps; stocks in principal cities everywhere. 
Get the whole story on this superior equipment: 


write for literature. 
The Frick Graduate Training Course in Refrigeration and Air Condition- 


ing, ope 


rated over 30 years, offers a career in a growing industry. 
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DEPENDABLE REFRIGERATION SINCE 


RICK» 


WAYNESBORO, PENNA. 


When the country’s largest railroad 
loudspeaker SYST CIN was epee in the Baltimore 


and Ohio’s yards near Chicago, choice of cable to be 
used was a key factor. With 37 miles of underground 
cable involved, subsequent maintenance costs could con- 
ceivably be a major item if any but the best cable were 
to be used. 

Okonite cable was chosen for this job because of its 
superior rubber insulation and the resistance of its 
Okoprene sheath to alkalis, acids, oils and other corrosive 
substances encountered in railroad yard installations. To- 
day, 197 two-way loudspeakers, 50 paging speakers, a 
complete telephone and printing telegraph system, and an 
ni tagposer inter-communicating system between offices 
in the yard are operated over Okonite cables in this 
network. 


Tough jobs are the true test of electri- 
cal cable... and installations on such 
jobs usually turn out to be Okonite. 


eh Fé t TE an \ insulated wires and cables 


fairly low temperature. As the plane descends into 
a warm humid zone, the water vapor present in 
the air will condense on the surfaces of the 
ceramic insulators and supports. If these surfaces 
will wet easily the condensed water will spread and 
form a conducting path, thus making all the equip- 
ment completely useless. Measurements’ indicate 
that when the equipment is in this condition it has 
a resistance of about one megohm per square centi- 
meter. This resistivity can be increased by glazing 
the surface beforehand. It then offers a resistance 
of from 15 to 70 megohms. If it has been waxed 
the resistance will rise to approximately 120 to 
400 megohms. These values are far too low to 
allow any satisfactory use of the equipment. How- 
ever, treating the surface with wax will improve 
the resistivity enough to make the equipment 
usable. The wax, unfortunately, has certain disad- 
vantages in that it will wear off rapidly and easily. 
When the unglazed surfaces are treated with the 
methylchlorosilane vapor the resistance rises to 
200,000 megohms. Thus we see that this water- 
repellent film has very superior electrical char- 
acteristics. 

Water that condenses on untreated steatite will 
evaporate as the surrounding temperature rises. 
This, however, takes about 20 minutes in the nor- 
mal temperature range. With steatite that has 
been treated, the time required is shortened to 
about three minutes. At the same time the sur- 
face resistivity of the treated piece rises to a value 
higher than any attained by the untreated piece 
under any conditions. 

The effect of the silicone waterproofing treat- 
ment is to stabilize the electrical characteristics 
over a wide range of humidity conditions. In sev- 
eral types of fluorescent lamps this stablized effect 
is desired to insure dependability of starting re- 
gardless of the amount of water in the surround- 
ing air. Thus the tubes are coated with methyl- 
chlorosilane which, by its constant resistivity, 
gives a more predictable charge distribution.* 

As has been stated earlier, paper treated with 
methylchlorosilanes can be wet with many hydro- 
carbon solvents. Thus filter paper that has been 
treated will not permit water to pass, but will 
allow hydrocarbon liquids to go through with ease. 
The conditions are also effective with porous 
porcelain or fritted glass filters. On the other 
hand, untreated filter paper accomplishes the re- 
verse. It allows water to go through, but will not 
pass liquid hydrocarbons when it is wet with 
water. We can readily see that filter papers are 
thus made selective in their action. Some opera- 
tions, such as separating oil-water mixtures con- 
tinuously, can be performed without resorting to 
settling and decantation. However, some solutions 
and natural products have wetting agents present 
which will tend to nullify the selective action of 
the filter paper. 

The field of organosilicones is just beginning to 
open up. As our rapidly expanding knowledge of 
these compounds and their uses is put to use the 
world can expect to see a host of improvements. 
The water-repellent quality of the methylchloro- 
silanes is just one example of the amazing poten- 
tials offered by this new field of endeavor. 
2Norton, General Electric Review 47, No. 8, p. 6 (1944). 

38Eugene G. Rochow, An Introduction to the Chemistry 
of the Silicones. 
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BEYOND THE HORIZON.W 


Designers are seeking new alloys from the metallurgist 
in order to develop higher speed transportation. 


Higher speed calls for materials having greater strength 
in lighter sections, often with little or no sacrifice in tough- 
ness. Molybdenum contributes vital properties to better 
alloys which will certainly be developed for the future. 


Climax furnishes authoritative engineering data on 
Molybdenum applications. 


Cli re) n any 
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How to keep buried wheels 
turning smoothly 


Hidden under the pile of dirt (see arrow) is a 4-wheel 
truck that backs up this ditch digger’s whirling buckets. 
To prevent breakdowns, the wheel bearings had to be 
able to absorb the shocks of boulders and the digging 
action itself. And they had to be protected from the dirt. 
The engineers who designed this application licked both 
problems by mounting the truck’s wheels on Timken® 
tapered roller bearings. Timken bearings absorb the 
shocks because they have tough, shock-resistant cores 
under hard, wear-resistant surfaces. And Timken bear- 
ings make closures more effective. 


— AN 


® . 
How TIMKEN” bearings help ( 
keep di lubricant i , 
eep dirt ouf—Iiubricant in 
Timken bearings make closures more effective because 
they hold the housings and shafts concentric. As a re- 
sult, dirt can’t get in—lubricant can’t get out. Main- 
iY 


tenance is minimized. Continuous, trouble-free opera- 
tion is assured. 


tm 


Want to learn more about 
bearings or job opportunities? 


Many of the engineering problems you'll face after 


ed : graduation will involve bearing applications. For help 
a= in learning more about bearings, 


write for the 270-page General 
aes: TAPERED ROLLER BEARINGS Information Manual on Timken 
’ bearings. And for information 
about the excellent job opportuni- 
ties at the Timken Company, write 
for a copy of “This Is Timken”. 
The Timken Roller Bearing Com- 
pany, Canton 6, Ohio. 


NOT JUST A BALL © NOT JUST A ROLLER C> THE TIMKEN TAPERED ROLLER c> 
BEARING TAKES RADIAL @ AND THRUST -@— LOADS OR ANY COMBINATION 
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Most educational discussions become, sooner or 
later, a desperate attempt to escape from the 
problem. This is often done clumsily, causing un- 
necessary embarrassment and leaving the group 
without the comfortable feeling of having disposed 
of the problem. A “cultural lag” is evident in this 
situation. Educational leaders have long since 
worked out an adequate battery of techniques for 
dodging the issue. 

In the course of a misspent youth, the writer 
and his friends have sat at the feet of many em- 
inent practitioners of this art and have compiled 
a list of their devices. The list of course, is only 
tentative, partial, and incomplete, a mere begin- 
ning, etc., but it should at least give group leaders 
a command of alternative modes of retreat, en- 
abling them to withdraw their forces gracefully 
and to leave the problem baffled and helpless. In 
the interest of promoting the Christian spirit, we 
must dispense with acknowledging the sources of 
the following items. Additions to the list will be 
gratefully received: 


1. Find a scape goat and ride him. Teachers 
can always blame administrators, administrators 
can blame teachers, both can blame parents, and 
everyone can blame the social order. 


2. Profess not to have the answer. This lets 
you out of having any answer. 

3. Say that we must not move too rapidly. This 
avoids the necessity of getting started. 

4. For every proposal, set up an opposite and 
conclude that the “middle” ground (no notion 
whatever) represents the wisest course of action. 

5. Point out that attempt to reach a conclusion 
is only a futile “quest for certainty.” Doubt and 
indecision “promote growth.” 

6. When in a tight place, say something which 
the group cannot understand. 

7. Look slightly embarrassed when the problem 
is brought up. Hint that it is in bad taste or too 
elementary for mature consideration, or that any 
discussion of it is likely to be misinterpreted by 
outsiders. 

8. Say that the problem “cannot be separated” 
from other problems; therefore, no problem can 
be solved until all other problems have been 
solved. 

9. Carry the problem into other fields; show 
that it exists everywhere, hence is of no concern. 

10. Point out that those who see the problem 
do so by virtue of personality traits, e.g., they are 
unhappy and transfer their dissatisfaction to the 
area under discusion. 

11. Ask what is meant by the question. When 
it is clarified, there will be no time left for the 
answer. 
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alvice to instructors 


How to run away from an educational problem 


By an Experienced M. I. T. Professor 









12. Discover that there are all sorts of “dan- 
gers” in any specific formulation of conclusions: 
dangers of exceeding authority or seeming to, of 
asserting more than is definitely known, of mis- 
interpretation, misuse by uninformed teachers, 
criticism (and of course the danger of revealing 
that no one has a sound conclusion to offer). 

13. Look for some remote philosophical basis 
for settling the problem, then a basis for that, 
pos a basis for that, and so on back to Noah’s 
Ark. 

14. Retreat from the problem into endless dis- 
cussion of various techniques for approaching it. 

15. Put off recommendations until every re- 
lated problem has been definitely settled by scien- 
tific research. 

16. Retreat into general objectives on which 
everyone can agree but which suggests no content 
and no changes in the present program. 

17. Find a face-saving verbal formula (like “in 
a Pickwickian sense”) which means nothing but 
which everyone will accept because he can read 
into it his own interpretation. This is the highest 
art of the good administrator. 

18. Rationalize status quo with minor improve- 
ments. 

19. Retreat into analogies and discuss them 
until everyone has forgotten the original problem. 

20. The reverse of “begging the question.” Be- 
gin with a problem like “what should be the con- 
tent of our core course?” End with the conclusion 
that “maybe we ought to have a core course.” 

21. Explain and clarify over and over again 
what you have already said. 

22. As soon as any proposal is made, say that 
you have been doing it in your school for ten 
years, even though what you have been doing 
bears only the faintest resemblance to the pro- 
posal. 

23. Appoint a committee. 

24. Wait until some expert can be consulted. 

25. Say “That is not on the agenda; we'll take 
it up later.” This may be extended ad infinitum. 

26. Notice that the time is up. If other mem- 
bers of the group look surprised, list your engage- 
ments for the next two days. 

27. Conclude that you have all clarified your 
thinking on the problem, even though no definite 
conclusions have been reached. 

28. Point out that some of the greatest minds 
have struggled with this problem, implying that it 
does us credit to have even thought of it. 

29. Say forcefully, “Do we really want this laid 
out cold for us?” Obviously we don’t. Therefore 
we nurse the problem. 

30. Be thankful for the problem. It has stimu- 
lated our best thinking and has therefore con- 
tributed to our growth. It should get a medal. 
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Prime contractors to our Armed Forces—M. A. C. 
is engaged in the design, development and produc- 
tion of airplanes, helicopters and guided missiles. 
One of the newer products of McDonnell ingenuity, 
the F101 Voodoo, will soon join the arsenal of the 
U.S. Air Force. 


<a 


McDonnell engineering planners are constantly SE 5, Saree cer er 
Assistant Chief Dynamics Engineer — Missile Engineering Division 


alert to new materials, new equipment and new BS AS Saws Biark Coal 4S 
techniques. A Flight Test Hanger, Propulsion Lab- M.S. ApptiepD MECHANICS WASHINGTON UNIVERSITY 752 
asin}, Altitude Test Chamber and Wind Tunnel Pictured in front of our REAC installation, 
are recent additions to our engineering facilities. We Bob Sharrah exemplifies the type of pio- 
are also interested in new engineering talent—men neering spirit essential in missile engineer- 
who can contribute original thinking—engzneers with ing. He developed a new and _ useful 
a new approach. approach to the problems of stability of 
guided missile control systems as influenced 
by aeroelastic effects. At twenty-eight, 
Bob also points up the youthfulness of 
M.A.C.’s engineering management. 


If your interests lie in the field of missile 
development, a challenging career awaits 
you at McDonnell. We need more young 


i. > - carer Gutemmar - - < ‘ 
ae “ a a ISOR engineers like Bob Sharrah—engineers with 
ox 516, St. Louts 3, Missouri a new approach. 


BUILD YOUR FUTURE WITH A COMPANY .... YOUNG IN YEARS, YOUNG IN SPIRIT AND IDEAS 


If you’re looking for our type of engineering — 
we're looking for you. Check your Placement 
Office for dates when the McDonnell rep- 
resentative will visit your school. Ask him 
about the McDonneL_t GrRaApuATE Stupy 
PLAN. You may also write to: 
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Arturo Toscanini conducting “Death and Transfiguration,” Opus 


= 


24, by Richard Strauss 


RCA High Fidelity brings you 


every musical note ! 


RCA Victor High Fidelity is the result 
of 50 years of leadership in recorded 
music, phonograph research and devel- 
opment of radio and motion picture 
sound. It is a new dimension in sound 
created by the perfect union of recorded 
music and the phonograph. 

A genuine high fidelity instrument 
re-creates the full range of tones and 
overtones of the original composition— 
exactly as the composer intended. The 
precise balance of sounds from the 
highest to the lowest must be main- 
tained if perfection is to be achieved. 

“Victrola”® phonographs, Victor rec- 
ords, and “intermatched” high fidelity 
equipments for those who want to as- 
semble their own units—all are designed 
to work together to bring the brilliance 
of the original performance into the 
home. Now, with RCA High Fidelity 


Rea 
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instruments, you can hear the full 
gamut of the orchestra—from the shim- 
mer of tlhe cymbals to the beat of the 
tom-tom. Your favorite music sounds 
just as if you were in the presence of 
the recording orchestra and artists. 

True Hi-Fi—as in RCA Victor instru- 
ments and components—embraces the 
entire scale of tones from the rich lows 
to the colorful highs. Nothing is missing 
... the sounds reach the ear in their 
proper proportion and relation. 

The nation-wide interest in high 
fidelity reflects a growing taste for the 
highest quality music. Developments 
by RCA scientists and engineers now 
let you enjoy this new musical experi- 
ence. Visit your RCA Victor dealer and 
hear the new Hi-Fi models of “Victrola” 
phonographs, Victor records and “inter- 
matched” components. 


RaDIO CORPORATION OF AMERICA 


World leader in radio— first in television 


CONTINUE YOUR EDUCATION 
WITH PAY—AT RCA 


Graduate Electrical Engineers: RCA 
Victor—one of the world’s foremost manu- 
facturers of radio and electronic products 
— offers you opportunity to gain valuable, 
well-rounded training and experience at 
a good salary with opportunities for ad- 
vancement. Here are only five of the many 
projects which offer unusual promise: 

@ Development and design of radio re- 
ceivers (including broadcast, short-wave 
and FM circuits, television, and phono- 
graph combinations). 

@ Advanced development and design of 
AM and FM broadcast transmitters, R-F 
induction heating, mobile communications 
equipment, relay systems. 

@ Design of component parts such as 
coils, loudspeakers, capacitors. 

@ Development and design of new re- 
cording and producing methods. 

® Design of receiving, power, cathode 
ray, gas and photo tubes. 

Write today to College Relations Divi- 
sion, RCA Victor, Camden, New Jersey. 


Also many opportunities for Mechanical 
and Chemical Engineers and Physicists. 





investigating a third dimensional matrix 


By A. B. Harper. Jr. 


An ordinary matrix A denoted by [a,,] is 
usually thought of as a symbolic representation of 
the rectangular array 


By making appropriate definitions, we may build 
up the theory of matricies. This theory has a defi- 
nite place in the physical world. The questions I 
wish to consider are: Is it possible to easily con- 
struct a theory that will treat a three dimensional 
array of numbers, and would this concept have 
any immediate practical use? 

The symbolic representation of such a matrix 
could be A [a,,,] and in the general case 1 i 
a: ,m;j LZ, snk Les , p. For 
the special case of m, n, p 2 one may obtain a 
graphical picture of this matrix by considering 
the appropriate entries attached to the corners of 
a cube. Define the sum or difference of two 3-D 
matrices A, B to be A + B [aij bi j.4. We 
say that the matricies must be additively con- 
formable, that is, each of the three pairs of in- 
dicies (ii’), (jj’), (kk’), must have the same initial 
and terminal points, although any one pair may 
run through different values than either of the 
two remaining. 

The product of two ordinary matricies A, B is 
defined as a matrix C such that: 


C= Sik me | 
k 


It is clear that any definition that is adopted 
for the 3-D matricies A, B must reduce to 
the ordinary definition for k equal to 1. Define the 
product of two 3-D matricies A, B to be another 
3-D matrix C such that: 


J 

In this case the matricies must be ‘“multiplica- 
tively conformable’, that is, the “depth” of the 
two matricies must be the same and for some 
depth k the number of columns of A must be equal 
to the number of rows of B. (It is important to 
note that this is, by no means, the only possible 
definition that could be adopted). With this defini- 
tion as a base we may extend to the product of n 
m-conformable matricies 


n 
A. = eee a. a, es 
TY i ; yX > irk “yrjk r4rok 
. ™ Pn-2 


a 
Ty-2Fn-1* 


By a direct analogy it can be shown that addi- 

tion is commutative and associative, multiplication 
is associative and distributative but usually not 
commutative. We may next consider the analogies 
to the other ordinary matrix operations. Define 
the transposed matrix of A [a\;,] to be the 
matrix [a,;,] and denote it by A’. Define the 
identity 3-D matrix J (identity for multiplica- 
tion) as an array of numbers such that if J 
equals 
[a;,;,] then a,, equals zero if i = j and equals one 
if i j, for all k. In order to consider other 
matrix properties we define the three dimensional 
determinant associated with any square 3-D mat- 
rix as a k-tuple of numbers R,, R., , Rx such 
that R, equals the magnitude of the determinant 
of the ordinary matrix formed at the kth depth. 
(A square matrix has i, j both running through 
the same values). As an example consider the 
simple case again of A = [a,;,] where i, j equal 2, 
and k equals 3. The determinant of A is a triple 
of numbers R,, R., R, and here R, (813,860, — 
AznAi21) Ry = (aj2@22 — A222). and R; = 
(AyisA223 — @.,,8.,). If A is a square matrix we 
may define a cofactor of a;;, to be the determinant 
formed by deleting the row and column in which 
the entry appears, at some depth k. The arith- 
metic sign of the cofactor of a;; (for some k) will 
be positive if i plus j is even, and negative if the 
sum is odd. It is obvious that with the conven- 
tional definition for determinants the cofactor is 
defined for square matricies only. Define the ad- 
joint matrix of A to that matrix which is obtained 
by replacing each element, at some depth k, by its 
cofactor and then taking the transpose of that 
matrix, it will be denoted A4. In speaking of a co- 
factor it is important to note that the depth must 
be specified, also the adjoint exists for square 
matricies only. Define the inverse of a matrix A 
as the matrix formed by dividing each entry of 
that adjoint matrix, at some depth k, by the deter- 
minant of the original matrix at that depth. 
Denote the inverse by A’. As an example if A 

121 -3 0 

212 then AA — 42 0 

B32 1 4-3 


1/2 ¢ 
and as [A] ve im _" 
1/6 2/3 -1/2 


6, A: 
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/ §.S8.White 
Flexible Shafts 


make it easy to meet 
space and dimensional 
requirements 


The flexible construction of an S.S.White remote 
control flexible shaft allows controlled parts to be 
mounted where desired to satisfy limited space 
conditions and to meet specific equipment dimen- 
sions. These versatile “Metal Muscles’® can be 
snaked around turns and curves to provide a one- 
piece, sensitive control coupling between any two 
points. As a result, the designer has more leeway 
in developing a design that meets existing operat- 
ing, assembly, and servicing requirements and can 
be produced at lower cost. 


a7 s o 

Many of the problems you'll face in industry will 
deal with the application of power drive and 
remote control with cost being an essential factor. 
That’s why it will pay you to become familiar 
with S.S.White Flexible Shafts, because these 
“Metal Muscles”® offer important savings in trans- 
mitting power or control. 


SEND FOR THIS FREE 

FLEXIBLE SHAFT BOOKLET 
Bulletin 5008 contains basic flexible 
shaft facts and shows how to select 
and apply flexible shafts. Write for 
4 copy. 


mother INDUSTRIAL DIVISION 
DENTAL MFG. CO. Dept. C, WEast40th St. 
NEW YORK 16, N. Y. 
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One characteristic of the in- 
verse matrix is that according to the definition 
that has been set up the product of A and A* is 
J the example above is for one depth k, so that 
A A™ equals I the regular identity matrix. It 
should be noted that the inverse exists only for 
those depths for which the determinant is not 
zero. We will specify as part of the definition that 
in order for the inverse of a 3-D matrix A to exist 
the determinant for all k must not be equal to 
zero. This condition may be characterized by the 
statement that the matrix is “non-singular” (this 
implies for all k). Another characterization may 
be made by the word “rank”, as appears in the 
plane case. 

If we consider a square 3-D matrix A as repre- 
senting a set of k transformations which will 
operate simultaneously on k vector spaces of n 
dimensions each, we have a physical example of 
the product of two matricies. One matrix being 
the A, the other being bases vectors components, 
for example. In the ordinary sense there would be 
an isomorphism between the spaces, we could set 
up similar terminology by saying that the spaces 
are linked. By this is meant if we apply the trans- 
formation to one of the spaces then at the same 
time the remaining k-1 transformations have to 
be applied to the remaining spaces. If we consider 
the elements of any row (column) as being the 
components of a vector then rank of the matrix 
corresponds to concept of linear independence of 
the vectors making up the matrix. 

A physical example of the idea of linkeages can 
be set up by considering two (or more) gears A, 
B with radii a, b respectively. Let the gears be 
linked so that a clockwise movement of one cor- 
responds to a counter-clockwise movement of the 
other. Let v,, v. be two parallel vectors drawn 
from the centers of A, B respectively. Let the 
sense be in the positive x direction, considering a 
set of axis at each center. If gear A is moved 
through an angle @ then gear B moves through 


an angle of-# @. Considering 8 moving in a coun- 


ter clockwise direction as positive. As simple as 
this may seem, the problem may be set up using 
the matrices previously discussed. Consider a 
matrix A with i, j, k, equal 2. and with entries 
4111 — COs 8, Ajai = sin 9, Aoi > —sin 8, 

— - 
— sing e, 


Aes) cos 9 and a;;. cos £0, Aizz 


Qe12 = Sin #09, in = cos £0. Let V be matrix 


(ordinary) of the components of v,, v. and con- 
sider the physical meaning of the product AV. 
This product says if we apply the first transforma- 
tion to v, that is the transformation for k equal l, 
this is a rotation through an angle @ (a positive 
rotation) but also we must apply at the same time 
the second transformation (k equals 2) to the 
vector v.. This is exactly what happens in the 
example as here presented, a rotation by plus ® 


of v, corresponds to a rotation of #0 of v.. 

The extension to the case of n gears is easily 
set up. The linkeages may be such that there is 
an idle gear involved, in which case the matrix J 


(Continued on page 46) 
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AN AWaRD 
Chemical Cnginecring Vehervemnt 


Carbide and Carbon Chemicals 
Corporation 
AMERICAN SYNTE ee \RUBBER INDUSTRY 
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Chemicals from coal hydrogenation... 


é 


ae e-— 1946 


AN AWARD 


Chemical ¢ ‘vgimerring Ahivemenl 7 
Union Carbide & Carbon Corporation 


PROJECT 


ATOMIC/, 
ff 


...acclaimed the 1953 Chemical Engineering Achievement! 


IN 1933 Carbide received the first Chemical Engineer- 
ing Achievement Award. This recognized the beginning 
of commercial production of much-needed chemicals 
from petroleum and natural gas— which proved to be 


the beginning of the American petrochemical industry. 


HISTORY REPEATS—Now, just twenty years later, 
Carbide has received the 1953 Chemical Engineering 
Achievement Award for ‘‘the first successful produc- 
tion of chemicals from coal by a high pressure hydro- 
genation process.” 

In minutes, coal becomes gases and liquids rich in 
needed chemicals—‘‘one of the major contributions 
in this century to the well-being of us all.” 

Some of these chemicals are used in making plastics, 
synthetic rubber, pharmaceuticals, vitamins, and many 
other things. Others are completely new and hold great 


promise. 


FOURTH RECOGNITION — Carbide is the first two- 
time individual recipient of this award. It also is the 
fourth time the people of Carbide have been recog- 
nized, for they shared in two previous group awards—in 
1943 for synthetic rubber, and in 1946 for atomic energy. 
TRUE SIGNIFICANCE As in all Chemical Engineer- 
ing Achievement Awards, coal hydrogenation was recog- 
nized not as the accomplishment of any one individual 
but as the result of the cooperative efforts of many. 
The people of Union Carbide appreciate the recog- 
nition of their achievement by the distinguished Com- 
mittee of Award, composed of senior chemical engi- 


neering educators. 


Unron CaRBIDE 


AND CARBON CORPORATION 


30 EAST 42ND STREE1 UCC} NEW YORK 17, N. Y. 


UCC’s Trade-marked Products include 


.ELECTROMET Alloys and Metals 
PYROFAX Gas 


SYNTHETIC ORGANIC CHEMICALS 
EVEREADY Flashlights and Batteries 
BAKELITE, VINYLITE, and KRENE Plastics 
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HAYNES STELLITE Alloys 
DYNEL Textile Fibers 
PRest-O-LITE Acetylene 


LINDE Oxygen 
NATIONAL Carbons 
ACHESON Electrodes 


PRESTONE Anti-Freeze 
UNION Carbide 
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In SPORTS or BUSINESS 


Woe you ah rather, be 


WINNING side Z 


The thrills you've known in sports — 
the racy, heady feeling of knowing what it’s like to win — 
are close kin to the excitement of working with a company 
which competes with its own achievements. 


For Sikorsky’s are winners — 
engineered by men who never lose the thrill of winning. 


Yet “winning” and breaking records are only by-products 
in Sikorsky’s never-ending quest of perfection. 
Today the research departments, drafting rooms, engineering laboratories 
are busy fitting this most versatile of aircraft 
to ever more demanding military and peacetime uses. 


Many engineering skills and abilities are needed. 
Perhaps yours. If you are interested in an industry which has only 
scratched the surface of its potentials, then Sikorsky may be for you. Promising 
engineers find a good beginning — a winning future — at Sikorsky. 
Write today to Mr. R. C. Banks, Personne] Department 
for more information. 


IKORSKY HELICOPTERS 


Sikorsky Aircraft, one of the four divisions of United Aircraft Corporation, South Avenue, Bridgeport 1, Conn. 
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briefing the news 


Impressions of two new foreign cars 


During the past month or so we had the oppor- 
tunity of driving a brace of new and interesting 


cars, and we’d like to give our impressions of them 


here. The first was the new Mercedes-Benz type 
180, which clearly has been designed to appeal to 
American tastes. The body lines are in the modern 
idiom, streamlined and straightforward and not 
unlike a recent Plymouth. It is of all-steel con- 
struction, with a unit body and frame, an innova- 
tion for Mercedes. The engine, an old-line four 
cylinder side-valve unit of 1.77 liters, and the two 
coil and wishbone front suspension assemblies are 
attached to a wishbone-shaped steel pressing, 
which in turn is mounted on the frame through 
three rubber bushings. The rear suspension is the 
traditional Mercedes swing-axle type, with the 
hubs now located by trailing radius arms. The 
engine is rated by the factory at 52 horsepower at 
4000 r.p.m. at the clutch, and, with proper use of 
the four speeds forward provided, it gives the car 
more than satisfactory performance. The entire 
automobile gives an impression of lasting quality, 
from the door latches to the body finish. This im- 
pression is heightened when you try the steering, 
the gearbox, or the brakes. Everything is light, 
smooth, silent and effective. If the tire pressures 
are up, the car can be very precisely controlled in 
a sharp turn, drifts under power with very little 
body lean being not out of the question. However, 
if a rear tire is low, it will enhance the oversteer- 
ing tendencies of the swing axle, and embarras- 
sing situations may result. The Mercedes-Benz 
180, then, is a well-built, smooth-riding family 
car, with all the fine handling characteristics of a 
sports car. 

The other car is at present the subject of much 
speculation and discussion, since it is the succes- 
sor of the most popular foreign sports car in 
America. The new M.G. TF model uses basically 
the same chassis and engine as did the TD model, 
but it has the benefit of a modified body and im- 
proved engine breathing. The headlights are now 
faired into the front fenders, and, together with 
the altered grille, they give the front a very pleas- 
ing aspect. We regret to report, however, that the 
radiator cap is false. Engine accessibility has not 
been improved by the new hood opening method, 
and it would seem necessary to pull the engine in 
order to change the oil filter. The engine itself has 
higher compression and better valves and valve 
actuation, and boasts a handful more horsepower 
at around 5500 r.p.m. Inside the car, footroom is 
just about as cramped as the TD, but the new 
split-back bucket seats are a pleasure to sit in. 
They give more than adequate support and com- 
fort. Where M.G. really dropped the ball, however, 
was in the “luggage compartment.” Instead of 
storing the side curtains vertically at the back as 
in the past, they are now in a box which lies flat 
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behind the seat, and demands complete removal 
of al] luggage before curtains can be replaced or 
removed. The compartment is also, of course, 
much shallower than before, As one would expect, 
the car handles much like a TD, with the same 
wonderful steering and occasional lean on hard 
turns. The engine is like that of a Mark II M.G., 
in that it really gets into its stride only at high 
revolutions. Once up there, it can readily handle 
the new numerically lower rear axle ratio, which 
makes it much more useful for highway work. 


Fosdic K. L. 


An instrument that provides rapid, automatic 
processing of information into a form suitable for 
direct input to large-scale electronic computers 
has been developed by M. L. Greenough, H. D. 
Cook, M. Martens and associates of the National 
Bureau of Standards at the request of the Bureau 
of the Census. Named FOSDIC (Film Optical 
Sensing Device for Input to Computers), the 
machine reads marks on microfilmed copies of 
documents that have been marked with an ordi- 
nary pencil or pen, and then processes the infor- 
mation into electrical pulses which are recorded 
on magnetic tape for direct input to an electronic 
computer such as the Census Univac. FOSDIC is 
designed to reduce the work that is now involved 
in converting written records into a medium ac- 
ceptable as input by data-processing machines. 
This is particularly true since FOSDIC allows con- 
siderable freedom in design of the documents and 
does not require the use of any special writing 


SCANNING | 
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Flow diagram of FOSDIC. The scanning control directs 
the beam of the cathode-ray tube to the appropriate 
area on the microfilm. The information is picked up by 
the photocell and converted into coded-pulse form and 
recorded on magnetic tape. 
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Engineers of virtually EVERY 
type are needed on the Boeing team 


Mechanical, electrical, civil, aeronau- 
tical— in fact, graduates in virtually 
every field of engineering—find reward- 
ing career opportunities here. There 
are openings in design, research, in the 
many phases of production, and for 
physicists and mathematicians with 
advanced degrees. 

All engineering careers at Boeing 
have one thing in common: they pro- 
vide plenty of opportunity to get ahead. 
Regular merit reviews are held. Ad- 
vancement is keyed to your individual 
ability, application and initiative. 

The aviation industry offers you a 
unique opportunity to gain experience 
with new techniques and new materials. 
It offers a wide range of application, 
from applied research, to product de- 
sign and production, all going on at 
the same time. 


What’s more, you can expect long- 
term career stability in the aviation in- 
dustry. Boeing, for instance, is now 
in its 37th year of operation, and actu- 
ally employs more engineers today than 


MA TnrhITMOmr, ar- 
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even at the peak of World War II. 
Besides designing and building the 
world’s most advanced multi-jet air- 
craft (the B-47 and B-52), Boeing con- 
ducts one of the nation’s major guided 
missile programs, and such other proj- 
ects as research on supersonic flight, 
and nuclear power for aircraft. 

Boeing engineering activity is con- 
centrated at Seattle, Washington, and 
Wichita, Kansas — communities with 
a wide variety of recreational opportu- 
nities as well as schools of higher 
learning. The Company will arrange 
a reduced work week to permit time 
for graduate study and will reimburse 
tuition upon successful completion of 
cach quarter’s work. 

For full details on opportunities at 
Boeing and for dates when interviewers 
will visit your campus, 

consult your PLACEMENT OFFICE, or write: 


JOHN C. SANDERS, Staff Engineer — Personnel 
Boeing Airplane Company, Seattle 14, Wash. 


SS OLEAN iF 
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Instrument. 

It is anticipated that ultimately the use of this 
machine will reduce appreciably the massive 
amount of paper-work entailed in summarizing 
Census information on the entire population. Al- 
though designed for census operations, FOSDIC 
may be generally applied to the processing of 
other types of information that must be handled 
in large quantities. 

With the development of many large-scale elec- 
tronic computers in the past few vears, there has 
been an increasing need for equipment to bridge 
the gap between the machines and their sources 
of information. This is especially true for comput- 
ing systems which perform relatively little com- 
putation on a large mass of data obtained from 
many sources. Considerable attention has been 
given to computers and their input-output equip- 
ment but relatively little to pre-input apparatus 
or instrumentation permitting the computer to 
have direct contact with sources of information. 
When human beings are considered as sources of 
information, only two even partially automatic 
means of communication are in general use. These 
are (1) typewriters of various forms and (2) spe- 
cial marking instruments such as punches or con- 
ductive pencils. An alternate method is through 
the manual preparation of punched cards. To these 
methods has now been added FOSDIC, a com- 
pletely automatic machine which processes marks 
made by an ordinary pencil or pen into a form 
directly usable by the computer. 

The method of mark sensing used by FOSDIC 
is the detection of specific blacked-in areas or 
ovals in a large field of possible answers arranged 
on a sheet of paper. A “yes-no” answer is given 
two ovals while a numerical answer is supplied 
with a vertical column of 10 ovals for each decade. 
The desired information is indicated by the loca- 
tions of the marks. It then becomes the task of 
the sensing equipment to tell the computer pre- 
cisely which ovals the enumerator has marked to 
signify his available information. Since FOSDIC 
senses the presence or absence of a mark by opti- 
cal means, readings are not affected by the elec- 
trical conductivity of the mark or the paper, or 
by any mechanical indentation of the paper due 
to lack of stiffness. In practice, the interrogating 
agency need not supply special pencils since any 
common marking device is satisfactory. 

The scanning process is carried out on a frame- 
by-frame basis. Each frame is a microfilmed pic- 
ture of one side of a sheet which may be as large 
as 14 by 16 inches. The film is placed in an optical 
assembly between a cathode-ray tube with a mov- 
ing spot that scans the image and a photocell that 
produces a varying electrical signal from the light 
beam that has passed through the film. The cur- 
rent maximum capacity is about 2800 marks per 
sheet, since this is the present limit of adequate 
legibility of marks on the document. An individual 
film is scanned in 0.5 to 0.9 seconds. Allowing for 
film change and other functions, the total time 
per frame is about 114 seconds. The average in- 
formation rate is approximately 2000 binary digits 
or 250 decimal digits per second. 

The chief problem in the design of mark sensing 
equipment lies in the developing of a method to 
locate the individual ovals with the necessary de- 
gree of precision. In a mechanically registered 
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system, such as that used for detecting conduct- 
ing-pencil marks, the pickup heads are located at 
fixed distances from the edge of the document. 
The assumptions are made that the edges are 
well-defined and that the paper stock has dimen- 
sional stability. In FOSDIC, however, the paper 
edge is replaced by a printed index mark below 
each column. When located by the scanning pro- 
cess, the index mark furnishes an exact guide to 
the column position. Column height, or distance 
from top to bottom oval, is not as critical as in a 
mechanical system since each answer is searched 


FOSDIC 
for over an area several times the size of the oval. 
Thus, with these degrees of freedom over ordinary 
scanning methods, the use of multiline documents 
on ordinary bond paper stock is feasible. The 
amount of information per document is consider- 
ably increased over punched cards. 

The instrument is housed in four 42-inch high 
cabinets. In addition, there is a unit containing 
magnetic tape handling equipment and recording 
heads. The input cabinet contains the flying-spot 
scanning assembly. The main electronic unit gen- 
erates scanning voltages which drive the cathode- 
ray tube beam, and receives in return the photo- 
cell signals from the scanning assembly. Answer 
information is fed into the output cabinet where 
it is converted into coded-pulse form suitable for 
recording on 8-channel magnetic tape. Power is 
supplied to all these units from the fourth cabinet. 

FOSDIC’s electronic equipment is composed of 
many separate and distinct circuit groups, each 
designed to carry out a unique function. For ex- 
ample, the Index Recognition circuit determines 
when the scanning beam is at the top edge of a 
solid mark between 0.24 and 0.36 inches high. To 
make this decision, however, it must previously 
have been informed that a number of other con- 
ditions have been met. Among these conditions 
are: (1) a frame to be scanned must be present, 
(2) the degree of tilt of the document must have 
been measured, (3) the scanning beam must be 
over the page, and (4) the apparent index mark 
must be genuine and not a thin vertical line 
crossed obliquely by the scanning beam. The read- 
ing program begins immediately after recognition 


of the index mark occurs. (Continued on page 46) 
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THIS IS SYLVANIA... 


BIG ... diversified... GROWING 


THE IDEAL ENVIRONMENT FOR YOUNG ENGINEERS 


In 1953, Sylvania’s 40 plants in eleven states pro- 
duced upwards of $300 million worth of products 
in more than sixty categories of lighting, radio. 
television and electronics equipment. 


This year will see the completion of additional 
new plants and laboratories, as another phase of a 
continuing expansion program which has doubled 
plant and equipment in the past few years. 


As a graduate engineer, you'll naturally find a 
wide range of opportunities in every phase of 
engineering at Sylvania. And you'll find yourself 
making rapid headway as the company continues to 
add new facilities, new fields. 


A stimulating atmosphere of accomplishment and 
opportunity — plus size, growth, and diversity — 


make Sylvania, a company of young men where the 
executive level averages 45 years of age, an ideal 
place to build a satisfying career in engineering. 


For detailed information, see your College Place- 
ment Office or send for our comprehensive brochure, 
“Today and Tomorrow with Sylvania”, by writing 
to Supervisor of Technical Employment. 


Opportunities, too, at Sylvania’s 
16 research and development laboratories. 


SYLVANIA 
+ 


Sylvania Electric Products Inc. 


1740 Broadway, New York 19, N. Y. 


LIGHTING ELECTRONICS TELEVISION 
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| EVERYWHERE 


Johnson, unique in American industry, is the only 
nationwide organization devoted exclusively to 
manufacturing, planning and installing automatic 
temperature nal oe conditioning control systems. 
This vast reservoir of experience is readily avail- 
able to architects, engineers, contractors and owners 
through the large staff of Johnson engineers in the 
factory and 80 direct branch offices. 


For 69 years, Johnson engineers have been called 
upon to solve every conceivable type of tempera- 
ture, humidity and air conditioning control problem. 
Their interesting work takes them into industrial, 
business, educational, large residential, public and 
institutional buildings of all sizes and types. No 
wonder Johnson Control is first choice in outstand. 
ing buildings . . . everywhere! JOHNSON SERVICE 
COMPAN » Milwaukee 2, Wisconsin 


matrix 


(Continued from page 39) 


represents its transformation under any rotation 
of the remaining. For this particular example 
there is now physical meaning for some of the 
special matrices previously defined. The trans- 
posed matrix now corresponds to a reversal of 
some initial rotation for in this case AAT equals 
J so that the initial state is reached if you apply 
A then A’. As the inverse is equal to A this acts 
also as J, that is it does not alter the initial state. 
It is interesting to note that in cases where the 
determinant of any transformation is not equal to 
one, that the inverse now acts as did the trans- 
posed above in that it brings the system back to 
the initial state for AA- is equal to J by the pre- 
vious definition. 

It is evident that the problem that was pre- 
sented here could be solved quicker by elementary 
methods, but at least we have a situation where 
the concept of a 3-D matrix can be applied. The 
procedure presented could easily be extended to 
cover the systems of bar linkeages. Rotation, 
translation, shearing, expansion and contraction 
can be derived by direct analogy to the plane 
case. The interested reader may also extend this 
introduction to the consideration of characteristic 
numbers and equations, canonical forms, and vol- 
umes in k spaces of n dimensions from further 
determinant definitions. 
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briefing the news 


(Continued from page 44) 


All information is read out in serial order in 
blocks of 720 characters and occupies four of the 
eight channels on the magnetic tape. A character 
consists of four digits; thus each block can con- 
tain more than 2800 digits. Each document, either 
single or double sided, is included in one block and 
the remainder of the 720 characters is made up 
of dummy pulses. To assure that the order is not 
upset by the loss of a column somewhere on the 
page, FOSDIC makes a column count on each 
document. If a column is missed for any reason, 
such as a film defect, a characteristic record is 
made on the tape informing the computer that 
information in this block is not trustworthy. 

Although a complete check is maintained on 
the information so that it cannot get out of order, 
this check is not as thorough nor as elaborate as 
a check on individual answers. Determination of 
overall system reliability was left to special evalu- 
ation tests in conjunction with the Univac com- 
puter. The instrument itself shows near-perfect 
response when operated under good marking and 
filming conditions. Tests with the Census com- 
puter indicate that film defects are the largest 
source of the few mistakes. For example, holes in 
the emulsion which happen to lie at an answer 
area leave FOSDIC with no choice but to declare 
an apparent mark. Although adequate statistics 
on the probability of these errors are not yet 
established, preliminary results for standard com- 
mercial processing appear to show less than one 
error in 100,000 ovals. If further tests indicate 
probable errors as infrequent as this, then it 
can be concluded that the transcription process 
through FOSDIC, including filming, does not ap- 
preciably add to other sources of error in the 
enumeration process. 

Using electronic scanning, a high degree of 
flexibility can be incorporated into the instrument 
to meet or even ameliorate practical operating 
conditions. It offers advantages to almost all of 
the activities involved in the information collec- 
tion process. Greater freedom in document layout 
and choice of size, lower cost of document paper 
stock, more tolerance to the weight and position- 
ing of answer marks, and a large reduction in 
handling care are all obtained through the elec- 
tronic scanning provided in FOSDIC. Among the 
more significant benefits are the use of multi-line 
documents several times the size of standard type- 
writer sheets but no thicker or stiffer, detection 
of rapidly made single-stroke marks of reasonable 
boldness, and tolerance to an appreciable amount 
of document mutilation and misalignment during 
handling and processing. 

In many Census operations, microfilming has al- 
ready been carried out as a routine procedure. 
The special problems thus introduced are the addi- 
tional time for processing, the exposure control 
that is required, and errors due to the presence 
of dust and imperfections on the film. However, 
the use of the intermediate memory in the form 
of microfilm offers a number of advantages which 
well outweigh the problems it creates. 
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You may not see it in their outward 
appearances — but there’s a big dif- 
ference between these young men. 
One has held three jobs in the five 
years since graduation. He’s still 
looking for a job that offers him a 
lifetime career. The other has been 
with a Bell Telephone Company dur- 
ing that time. He’s on his way up! 

Seventy-five per cent of college 
men hired by the Bell Telephone 
Companies since World War II are 
still with these telephone companies 
after five years! Here’s why: 


Telephone Work Is Interesting — As 
an engineer, you'll be planning tele- 
phone facilities or supervising construc- 
tion, installation and maintenance. 
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THEY STARTED OUT EVEN AT GRADUATION: 


Why is one doing better now ? 


You'll work with the newest develop- 
ments in electronics and communica- 
tions as you help expand and improve 
the world’s best telephone service. 
There Are Places to Go—Each year 
the number of college people hired is 
related to estimates of the number of 
future management positions expected 
to be available. We are looking to the 
future—yours and ours. 

You Grow with a Growing Business 
—The Bell System is one of the fastest 
growing businesses in the world. Since 
the end of World War II, it has spent 
about nine billion dollars for new con- 
struction. The past five years have seen 
the introduction of network TV trans- 
mission, dialing of Long Distance calls 
and the development of the remarkable 
transistor. 


You’ll Be Happy—Not only because 
of the interesting and rewarding work, 
but for many other reasons. For in- 
stance, Bell Telephone Companies are 
located in all parts of the country. So 
you may be able to start where you 
want to live. And what about salaries? 
It is the basic policy of the telephone 
companies to pay salaries that compare 
favorably with those positions of similar 
responsibility in other fields. 


No matter what your military 
status, it’s worth inquiring about 
Bell System employment opportu- 
nities. Your Placement Officer has 
the details. And be sure to talk.to 
our employment representatives 
when they visit the campus. The 
time to plan your future is now! 


BELL TELEPHONE SYSTEM 4 





—— BASIC TECHNIQUE 


A thin coating of pre-cured and 
i stabilized resistance material 
is bonded to special glass or an 
inorganic core to form IRC’s 
exclusive filament type ele- 
ment. This is in contrast to the 
carbon pill or slug principle of 
j construction. Its uniformity and 
stability have proved superior 
| since the earliest days of radio. 


SPECIFIC EXAMPLES 


ie a 


IRC Type BOC Boron-Carbon Precistors 


—— i 


IRC Filament Type BT Resistors 
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IRC Type DC Deposited Carbon Resistors 


: a 
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Highly specialized production process 
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ONLY FILM TYPE RESISTORS 
MEET HIGHER STABILITY STANDARDS 


... another reason why engineers prefer IRC Resistors 


Advancing requirements of instrumentation, military 
electronics and television focus emphasis on greater 
stability for non-wire wound resistors. IRC believes its 
filament type construction offers the best answer to 
more exacting standards. For over 28 years the film type 
resistance element has proved its superior stability— 
even in today’s newest IRC Boron-Carbon Precistor. 


INTERNATIONAL 
RESISTANCE CO. 


401 N. Broad St., Phila. 8, Pa. 
Wherever the Circuit Say “VV ~—— In Canada: International Resistance Co., Toronto, Licensee 
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PHOTOGRAPHY AT WORK No. 6 in a Kodak Series 


~& 


Photography teams with research 
to slash industry's corrosion bill 


Camera and Film work as research tools as International Nickel Company 
develops new alloys which prove tougher and defy corrosion. 


To stand up against intense heat and highly cor- 
rosive gases, vital jet engine parts such as rotor 
blades, afterburner, and insulation bindings are 
made of nickel alloys. Illustration shows a Pratt 
& Whitney Aircraft turbojet engine with after- 
burner. 


Fach year industry saves more and more 
millions on its corrosion bill by using 
Monel”, Inconel* and other corrosion-re- 
sisting alloys of the International Nickel 
Company. 

To develop such alloys, “Inco” main- 
tains extensive research—research that 
keeps photography on the job day-in and 
day-out. 

This is because photography provides in- 
formation which can be obtained and studied 
in no other way. Photomicrographs show 
metal structure. X-ray diffraction patterns re- 
veal the arrangement of molecules. High- 
speed and time-lapse movies display the 
workings of corrosion. 

Industries, large and small, find photogra- 
phy an important factor in their research—just 
as they know it improves manufacturing, cuts 
costs, and speeds many business operations. 

“Today sO many new applications of pho- 
tography exist that graduates in the physical 
sciences and in engineering find them valu- 
able tools in their new occupations. Other 
graduates—together with returning service- 
men—have been led to find positions with the 
Eastman Kodak Company.” 

If you are interested, write to Business and 
Technical Personnel Dept., Eastman Kodak 
Company, Rochester 4, N. Y. 


*Reg. trade marks of the International Nickel Co. 


Eastman Kodak Company 
Rochester 4, N. Y. 





FROM CAMPUS —TO CAREER 


IS A BIG STEP 


When the graduate leaves the college campus to begin his 
career he is taking an extremely important step. For he is 
leaving the area of directed-development in college and 
entering the area of self-development in industry. 


Closing the gap between his campus experiences and the 
realities of earning a living is not easy. The complicated 
maze of modern industrial society has made this transition 
a tough task. While the craftsmen of former years grew up 
with the business, the college graduate of today steps into 
a strange organization at a relatively high level. He has 
had no opportunity to understand, through a long period, 


the methods and operations of the concern. 


During his first few years, he is finding his place in the 
organization—learning its policies and objectives, and at 
the same time shaping his professional career. He needs all 
the assistance and guidance he can get. 


Here at General Electric, hundreds of young men have 


found that intensive efforts are made to “bridge the gap” 


between college and industry—and to help young pro- 
fessional people realize their goals. Through extensive 
training programs, classroom study programs, leadership 
programs, and guidance in professional development, care- 
fully selected young men are prepared for positions of 
responsibility and leadership in their individual fields. 


Providing college graduates with the opportunity to know 
the Company and find the right job in it . . . giving them 
high-level, flexible orientation and training . . . offering 
continued opportunity for professional growth are most 
important tasks at General Electric. Nothing is more im- 
portant—for our young professional people are our biggest 
asset. 

If you are interested in building a career with General Electric, 
see your college placement director for the date of the next 
visit of the G-E representative on your campus. Meanwhile, 
for further information on opportunities with General Electric 
write to College Editor, Dept. 2-123, General Electric Com- 
pany, Schenectady 5, New York. 


GENERAL @@ ELECTRIC 





